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WASHI NGTON, DC 20332-5000

REPLY TO
ATTN OF: LEEE

SUBJECT: Engi neering Technical Letter (ETL) 88-4:
Reliability and Maintainability (R&V Design Checkli st

TO  ALMAJCOM DEE/ DEM DEP AFRCE- ER HQ USAFA/ DEMVA AFRCE- IR
HQ AFCC/ DEE/ DEM AFRCE- SAC ANGSC/ DEE AFRCE/ BMS
HQ AFRES/ DE AAFES/ ENC AFI T/ DET/ DEM CEEC- ES
NAVFAC CODE 04/ 04 1100 ABG DE HQ AFESC/ DEM AFRCE- CR

1. Purpose: This letter contains design checklists to be used in
devel opi ng functional, aesthetically pleasing, reliable, and main-
tainable facilities and systems constructed by and for the Air
Force. The generic checklist will help personnel in charge of the
pl anni ng, designi ng, constructing, operating, and maintaining of
Air Force real property.

a. This letter contains guidance that applies to all new con-
struction and to major rehabilitation, alterations, and repair of
existing facilities and systens. It applies to all facllities con-
structed with Mlitary Construction Programs (MCP), Unspecified
M nor Construction Program (P341), Operations and Mi ntenance (&M,
and Non- Appropriated Funds (NAF).

b. This ETL is authorized in accordance with AFR 8-7, Air
Force Engi neering Technical Letters, 9 January 1986, and is to be
i mpl enented accordingly. Waivers will be processed in accordance
with the procedures established by the Mbdel Installation Program

c. This checklist is intended to serve as a conveni ent guide
to be used in the review and checking of plans and specifications
for construction projects. This checklist can also be utilized in
the early planning stages to determine if all R&M requirements are
bei ng considered for the project. |Its main usefulness is to iden-
tify and highlight the nost preval ent oni ssions and di screpanci es
in facility designs.

d. A secondary feature of this checklist provides a feedback
systemfromthe field on "lessons learned." A "lesson |earned" is
any experience of value having spplicability in furthering the
goals of the R&M facility program Lessons may depict successes on
i nnovati ve techni ques, or they nmay depict deficiencies or problens
to be avoided in future designs.

2. FEffective date: This ETL is to be inplenented as of the date
of this letter.

3. Referenced Publications: Applicable referenced publications
are as follows:



a. AFR 88-15, Criteria and Standards for Air Force Con-
struction.

b. AFR 89-1, Design and Construction Managenent.

c AFR 800-18, Air Force Reliability and Maintainability

d. Construction Technical Letter (CTL): Project Book Format.
e. AFR 8-7, Air Force Engineering Technical Letters (ETL).

4. Description/lInplementation: Applicable sections of this check-
list should be utilized and conpl eted for each project and remnain
in the project file as a permanent record. Brief explanatory notes
may be inserted by the reviewer, when appropriate. For exanple,
when checki ng equi pnent space requirenents, the manufacturer of the
type of equi prment used to check this item should be annotated on
the checklist. Also, if special reasons exist for not conplying
with an item an explanation should be inserted.

a. The generic checklist, attachnent 1, is not intended to
cover every situation; it is a tool to aid the planner, designer
and maintainer to focus on materials, nethods, and system conpo-
nents to enhance Reliability and Maintainability throughout the
life of each facility.

b. The submittal of "lessons |earned" fromthe users, crafts-
men, technicians, designers, construction managers, and MAJCOM
staffers is highly encouraged. This provides a neans for continua
i mprovenent and refinenment, thereby increasing the future value and
useful ness of the checklist. Attachnent 2 is a sanple format/tear-

out sheet for submittal of "lessons learned." It may not be possi-
ble to furnish all information requested in paragraph la. This in-
formation, while useful, is not essential. The information request-

ed in paragraph 2 is essential if clarification or additional infor-
mati on i s needed. Handwitten forns and freehand sketches are ac-
cept abl e.

5. The action officer for this ETL is M. Julian L. |us,
AFESC/ DEMM AUTOVON 523-6236.

FOR THE CHI EF OF STAFF

CHARLES A SIPPI AL, COL, USAF 3 Atch

Chi ef , Engi neering Division 1 Checkl i st

Directorate of Engineering & Services 2. Lessons Learned Ltr
3 ETL | ndex

cc: OASD (A&L)C
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SECTION 1. SITE WORK

000000000
A GENERAL - check

1. Siting for interferences with existing facilities
and utilities.

2. That adequately sized service drives and turn-
arounds are provided for maintenance vehicl es.

3. That curbs and gutters are provided on streets
and parking areas to contain traffic and protect
paverent edges.

4. Design large parking lots in conference with AFM
88-43, keeping in mnd problens associated with
paverent cl eani ng and snow renoval

5. That the proper type of pavenent is designed for
areas subi ect to kerosene, gasoline, or oi
spillage. Portland cenent concrete should be
used to mnimze surface deterioration. In
areas subject to acid spillage, an acid-
resi stant coating should be applied to PCC
pavenent .

6. That the storm drai nage systemis designed to
m ni m ze mai ntenance. Velocities in open ditches
and swal es are controlled in order to avoid
erosi on of enbanknents and damage in general

7. That adquate erosion control nethods are enpl oyed
in the formof curb and gutter, inlets, flunes,
soddi ng, rip-rap, etc., as required.

8. That headwalls are selected considering |latera
scour, bank erosion, and undercutting of headwal .

9. That scour apron or other suitable protection is
provi ded at downstream end of culverts and storm
drain outlets.

10. That sodding is used to establish turfed areas and,
where necessary, |awn sprinkler systens are pro-
vided in areas where establishnent and mai ntenance
of lawn areas are difficult to achieve by natura
nmeans. * * *
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(Assign a paragraph nunmber to each item
Draw a horizontal |ine between each nmjor
par agr aph.)

That the overall drainage and gradi ng design
around the facility provides a readily maintain-
abl e surface and considers future site devel op-
ment or expansion. Ensure that all areas drain
satisfactorily away fromthe facility.

That refuse c*llection pads with privacy screens
are sized and provided with necessary access to
accommodate the |large pickup vehicle. |s access
straight into dunpster and does it provide for

saf e, easy backing and turnaround, if necessary?

To see that |andscapi ng pl an precludes indiscri-

m nate planting of trees and shrubs over water and

sewage |ines, under power lines, or excessively

cl ose to sidewal ks, buildings, roadways, or parking

lots, or selection of excessively large trees or
trees which may clog sewer |ines.

*

*

* YES

oo % ok R X X o R X ok % X % F % X

In arid regions, full consideration should be given=*
to maxi mum use of desert |andscapi ng, consisting of >

earth shapi ng, rock ground cover or gardens, and
drought resistant planting in lieu of irrigation
syst ens.

Does the design provide for all underground
nonmetal lic pipe to be marked with netallic tape

buri ed continuously along the full length 10 to 15
i nches bel ow t he surface? (The tape should have a

metallic center of alumnumfoil, coated on both
sides with polythylene.)

If the facility is vulnerable to terrorist

actions, does the siting incorporate antiterrori st

features as indicated in ETL 86-107

On gutterless roof lines, is gravel |ava rock or
crushed stone splash area provided in the design
to prevent nud splatter on | ower outside walls?

In areas where mowing will be difficult, or where

shade or other conditions do not support |awn
gromh, is a | ow mai ntenance ground cover
speci fied?

VWere a building design includes a courtyard, is
an adgeuate entry provided for maintenance
equi prment ?

*
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*
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SECTION 1. SI TE WORK ( CONTI NUED)
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20. Are sufficient notorcycle parking slots indicated
in the design and shown in the paint striping plan?

2l . Are concrete kickstand pads provided for the
notorcycle slots in asphalt parking pavenents?

22. Is the facility sited in accordance with the Base
Conpr ehensi ve Pl an?

B. LI ST ANY ADDI Tl ONAL LOCALLY UNI QUE R&M DESI GN
FEATURES TO BE CONSI DERED
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* * *
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SECTI ON 2.  ARCHI TECTURAL

DD 303 0303000)00)))
GENERAL - check

>

M nutes of all design and review conferences to
ensure all comments have been considered in the
desi gn and thereby preclude later costly and

di sruptive changes.

That Usi ng Agency comrents have been recei ved and
consi dered.

That specifications and/or draw ngs provide for
speci al | oading conditions such as hurricane wi nds,
etc, since they would affect anchorages, door

desi gn, w ndow desi gn, etc.

For prefabricated structures, the design must pro-
vide for a sturdy, well-caul ked building. W ndows,
doors, and hardware nust be of the best quality.
Wal | panel s nmust have sufficient internediate
supports to linmt deflection under naxi mum design
wi nd | oads so as not to destroy weather seals.
VWhere wi nd-driven rain prevails, provide weather
vestibul es at main entrances.

In nultistory buildings, mechanical and electrica
equi prent roons should be on the ground fl oor

wher ever possible, with doors of adequate size to
accommodate the installation and renmoval of equip-
ment for repair and mai ntenance. Grade-I|eve
boil er roons and mechani cal roons shall normally
be provided with doors to the exterior. Doors
fromthe power roons, generator rooms, etc,

shoul d be to the outside of the building only.

Ensure adequate space is provided in utility and
mechani cal roonms for the proper operation and main-
tenance of installed equipnment. Check equi prent
sizes with manufacturers' catal ogs. Wen deened
necessary, ensure nechani cal specifications include
maxi mum al | owabl e equi pnent si zes.

Are stairways provided with non-slip nosing and
tread?

Are chair rails considered for offices and con-
ference roons subject to hard use to reduce scuffs,
* scratches, and repainting of walls? * * *
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In corridors, are plastic or netal corner protec- *

tors speC|f|ed7

*

10. Check structural and mechani cal drawi ngs to deter-
m ne that access openings are provided and that
they are properly sized and | ocated for proper
servi ci ng.

11. Provide facia/trimof |ow maintenance netal,
stucco, or other material.

12. Use brick, stucco - concrete, or other siding
that requires | ow no mai ntenance.

13. I f buildings have gutters, downspouts should be
connected to the storm drai nage system (or provide
concrete spl ashbl ocks).

14. Use of wood doors on the exterior should be

avoi ded; however, where design conditions justify
or require such use, specify only solid-core wood
doors when canopy protection is provided.

15. For toilet, laundry, and shower areas over
occupi ed spaces, does design provide for a three-
ply menbrane waterproofing? Are netal pans

speci fied under shower areas |ocated on floors

ot her than on grade?

16. I s an access | adder/stairway provided in the design
for servicing of roof-nounted equi pnent?

17. Are the specified floor finishes appropriate for
their intended use (ceramic tile, terrazzo,
carpeting, etc)? Are high-quality, |ow

mai nt enance materials specified?

18. Are interior wall finishes/wainscot materials
durabl e, | ow mai ntenance type (such as a fabric
wal | covering vice paint)?

19. Exterior finishes - specify inproved finishes to
provide a | onger cycle between recoatings.

20.

FooF o o R X b R X ok R ok b R xR b X b R X ok o % X ok R X X ok b X ok X F % X

Are thermal - pane wi ndows in al um num casing with

baked on finishes specified for | ow naintenance and
energy efficiency when justified by life-cycle cost?*
21. Are exposed concrete floors to receive a hardener
and sealer? Do not paint exposed concrete floors.
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ok X X %

22. Consi der the use of pitched roofs vice | ow sl ope

* roofs, where possible. * - *
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SECTI ON 2. ARCHI TECTURAL ( CONTI NUED)
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23. Are exterior doors for arctic bases heavy duty
i ndustrial type wth maxi mum weat her seal, and have
vesti bul es been provided for all exterior entrance
doors?

24. Are drinking fountains and fire extingui sher
cabi nets recessed in hallways to prevent danage?

25. Does the interior and exterior painting schedule
conformto the approved Base Master Col or Pl an?

26. Fl ag pol es specified to be of |ow naintenance
aluminumin |lieu of painted steel?

27. Are effective expansion joints clearly detailed for
roofs, floors, and walls at required interval s?

28. In corridors, are bunper rails or hard surface
wai nscoting specified in heavy traffic areas?

29. Does the design conplinment adjacent facilities and
is it in accordance with the Base Architectura
Conpatability plan?

X X % ok ok ok R b F X X X % ok ok ok ok X X X % % % %

%
w

LI ST ANY ADDI Tl ONAL LOCALLY UNI QUE R&M DESI GN
FEATURES:
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O X % ok ok ok ok % X X %

* * *
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SECTION 3. | NTERI OR ELECTRI CAL

D323 3030303030300 00030)))
GENERAL - check

*

*

*
>

Ensure lightning/transient protection is installed
on: service entrances, solid state uninterruptible
power supplies, isolation transforners, etc.

El ectroni ¢ equi pment should be protected by hybrid
(gas tube - transzorb or MOV - transzorb) surge
protectors.

Ensure ground fault protection is on feeders if
present on service entrance. NEC requires
ground fault protection on grounded wye services
of 150v or nmore to ground and 1000 anps or nore.
To ensure electrical coordination, ground fault
protection should al so be put on all feeder
circuits.

Is sensitive el ectronic equipnent installed accord-
ing to Federal Information Processing Standard
(FIPS) Publication 94, CGuidelines on Electrica
Power for ADP Installations?

Are isolation transformers grounded according to
FI PS Pub 94? Shield, equipnment groundi ng con-
ductors, secondary neutral are to be bonded to
sane | ocation on transformer case which is
grounded according to NEC for separately derived
sour ces.

Mai nt enance free gel-cel type batteries used in
all emergency lights except fluorescent lights
where NI CAD i s acceptabl e?

Correct overloads specified for notors? Overl oads
shoul d be no larger than specified in the NEC.

Adequat e wor kspace around equi prent ?

El ectrical equi pment roomw th dry transfornmers
ventilated to limt tenperature to 90 deg. F nax?

Are groundi ng systens in conpliance with NEC? No
separate grounds for conputers are pernitted.

FooF ok o R X o R X ok R ok ok R xR R X b R X ok o % X R R X X ok b X ok X % F % X

10. Has short circuit analysis and coordinati on study
been performed for |arge or conplex systems?
Study shoul d be computerized.

11. Is interrupting rating of breakers and fuses

adequat e according to findings of the short

o %k o b X b o R b E R b X b b X ok R kX R R xR b Xk R kX b R X X ok b X % ok X o F % X
ok o R X b b R ok kR b X b b X b Rk R R X X R R Xk R kX ok R X X ok b X % ok % X o F % X
o %k o b X b o R b F o R b X b R Xk Rk R R X R b Xk R ok b R X X ok b X % ok o X % F % X
o %k o b X b b R b R b X b R X ok Rk b b X X b b Xk R kX ok X X ok b X % ok % X % F % X
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* 12. * Has electrical superintendent reviewed draw ngs? * * * *
* * Have his coments been consi dered? * * * *
* 13. * Vaporproof fixtures provided in roons containing * * * *
* * noi sture; e.g., dishwashing and potwashi ng roons? * * * *
* 14. = |s alternate feed to facility required to provide * * * *
* * increased reliability? Facilities such as hospital s> * * *
* * or mssion-essential facilities may benefit greatly = * * *
* * from dual feeders. * * * *
* 15. * |s spare stub-up provided at padnmounted trans- * * * *
* * formers? * * * *
* 16. * Circuit breakers used in lieu of fuses? Use of * * * *
* * circuit breakers increases R&M since spare fuses do = * * *
* * not need to be kept in storage and restoration of * * * *
* * circuit is not dependent on fuse availability. * * * *
* 17. * Has use of bus duct been considered instead of * * * *
* * cabling for circuits of 600 anps or greater? Cir- = * * *
* * cuits of this anpacity require conductors greater * * * *
* * than 500 MCM (or 500 MCM in parallel) which is very = * * *
* * difficult for electricians to work wth. * * * *
> 18. = Do notor control centers have drawout breakers, * * * *
* * where applicable? Fused disconnects should be * * * *
* * avoi ded, where possible, since breakers provide * * * *
* > greater R&M > > > >
* 19. > Does the size and application of a notor warrant * * * *
* * use of undervoltage notor protection? History of * * * *
* * motor failures at base should be a factor. * * * *
> 20. *= Does notor control center have adequate work space = * * *
* * to ensure nmaintainability? * * * *
* 21. * Does sw tchgear have drawout breakers, lifting * * * *
* * brackets for breaker maintenance, easy access- * * * *
* * ibility for maintenance, cable trenches, energency = * * *
* * lighting, and adequate instrumentation? * * * *
* 22. * \Wre neutral wires reduced per NEC? Neutral sizes = * * *
* * shoul d not be reduced even though NEC al | ows. * * * *
* * Neutral reduction can cause problems in |ocations * * * *
* * where harnonics are present such as for electronic = * * *
* * | OadS. * * * *
* 23. * |s power conditioning and continuation interfacing = * * *
* * equi pnent (PCCIE) provided in lieu of dedicated or = * * *
* * isolated circuits for commruni cati on-conputer * * * *
* * systens (C-CS)? Large voltage transients have * * * *
* * occurred on isol ated/dedi cated circuits during * * * *

* transi ent disturbances. * * *
3302023000303 03 0303030303030 03 0303030303003 303030 DDA G



+))))))))))))))))))))))))))))))))))))))))))))))))))0)))))))))))))))))))))))))))))))))
ALL PURPOSE CHECKLI S PACGE 11 OF 7 PAGES

/))))))))))))))))))))))))))))))))))))))))))))))))))3)))))))))0)))))))))))))))))))))))l

* TI TLE/ SUBJECT/ ACTI VI TY/ FUNCTI ONAL AREA * DATE

* RELI ABI LI TY AND MAI NTAI NABI LI TY CHECKLI ST * DEMM * APR 88 *
/)))))0)))))))))))))))))))))))))?%%&?))))))))))))))2)))))))))3))))))0)))))0))))))))))l
* NO. = (Assign a paragraph number to each item * * * *
* * Draw a horizontal |ine between each nmjor * * * *
* * par agr aph.) *YES *= NO * NA *

/)))))2))))))))))))))))))))))))))))))))))))))))))))))))))))))3))))))3)))))3))))))))))1
SECTI ON 3. | NTERI OR ELECTRI CAL ( CONTI NUED)

2333333333333333333333333131313131313333313111)))

*

24. Are expl osion-proof fixtures/systenms provided in
areas subject to flanmabl e vapors? Areas of sig-
ni fi cant hazards are refuel er vehicle maintenance
bays, paint roons, and aircraft fuel system docks.

25. Is electrical acceptance testing on conpl ex
facilities specified to be acconplished according
to InterNational Electrical Testing Association
St andard ATS-1987? (Copies of this standard are
avail able from InterNational Electrical Testing
Associ ation, 1718 Connecticut Avenue, N.W, Suite
310, Washington DC 20009.

o X X % ok ok ok ok ok % X X X %

%
w

LI ST ANY ADDI Tl ONAL LOCALLY UNI QUE R&M DESI GN
FEATURES TO BE CONSI DERED

N

=
oo R R X b o R b R % X b R X kR kX ok % X ok b X % ok X % F % X
o % R R X b o R b % X b b X kR R X ok % X R b X X ok X 2 F % X
oo % o R X b R R b % X R R Xk ok kX ok % X ok b X % ok X 2 F % X
FooF ok o R X X o b Xk o Rk kb R X X b R X ok b X ok F % X ok F % X

O X % ok b R R b X X X o F ok ok kX X X %

* * *
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SECTION 4. EXTERI OR ELECTRI CAL

2333331333333333331313313333131311))

GENERAL - check

Has short circuit analysis and coordinati on study
been performed? Study should be computerized,

i nclude line-to-ground faults, and coordinate

| argest transformer on feeder. Previous analysis
may be adequate if updated.

Adequat e wor kspace around di stribution equi pnent
(pad nounted transforner, switches, and in
subst ati ons) ?

Does system have sufficient |ooping capability?
Feeders nust be designed to have adequate anpacity
and switching to pernit backfeeding.

Adequat e feeder sectionalizing capability?

Do distribution transformers have taps with
ext ernal changer?

Traffic barriers around pad-nmounted transformers in
heavy traffic areas? This could be concrete posts
painted to be highly visible.

Has el ectrical superintendent reviewed design
dr awi ngs?

Do power transformers have the foll owi ng features
speci fied?

a. External tap changer

b. Pressure relief valve with alarm contacts.
c. TR relay with alarm contacts.

d. Magnetic oil gage.

e. GOl drain and sanple val ve.

f. Filter press connections - 1 inch top and
bott om

oo % o R X b R R b Rk o R X b R R b Rk X b b X R kX ok X X ok b X % ok X % F % X
LI S N B I N I N I N I I N BN I TN D B I N B R I R N N N I I N B R N N B R N N
R % o R X b o R b R xR R X b R R b Rk X R b X R ok ok X X ok b X % ok X % F % X
oo % o b X b R R b Rk o R X b o R b R kX R R X R ok X kX X ok X ok o X % F % X

g. Undercoati ng.

R o R X o R X b b ok ok ko b X o b Xk R ok k% X b b X X ok R X ok % X ok F % X
L S N N 2 O B I I I B N N B BN N N RN BT N BN I N A I N N R N N R R I A B N N N

* h. Test report. * * *
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*i. Aarmwell wth silencing relays, pushbutton, =

and indicating light in weatherproof en-

cl osure.

Are NEMA standard voltages and frane sizes
specified for notors?

10. Do the specifications call for conpression or
bl ast-on connections? Split bolt connections
shoul d not be specified as the quality of their
installation is inconsistent.

11. Are standard transforners, not self-protecting
transformers, specified? Mintenance of

sel f-protecting transformers is nore difficult.
12. I's neutral conductor not less than 1/2 the size of
t he phase conductors?

13. Are electrical itens, devices, and equi prent that
are required to be located in areas subject to
nmowi ng or weed renoval provided sonme type of
protection such as paving at taxiway or runway
lights? (Nom nal areas near device, etc, to
prevent weed growt h and all ow mowers a w der margin
of safety.)

14. Do specifications require vacuum switches to be

t horoughly tested (hipot, etc) after installation
and before placing into service?

OVERHEAD DI STRI BUTI ON

Are corner poles as clean as possible (no
swi tches, etc)? This ensures an easier replace-
ment process.

I's overhead construction arnl ess?

Adequat e |ightning/surge protection (MJVs on
corner poles, risers, deadends, sw tches,
transformers, etc)? Arresters nust be of proper
ratings and installed with short | eads.

Quadrapl ex or triplex secondary underbuild? Is
adequat e ground cl earance mai ntai ned?

Are the pole riser conduits steel or alum nunf
PVC riser conduits deteriorate fromthe UV in sun-
[ight. Al um num corrodes when in contact with
concrete. Steel conduits should be hot dipped
gal vani zed, rigid, or internediate. Metal riser
condui ts nust be bonded to ground at both ends
* and include cable supports and seal s. * * *

-22333332333333333333333333331333133333313331313133331313131313133313131313132333131313231333231311))))))-
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*

on riser poles?

Are sectionalizing switches (OH) |oad-break type

have stirrups? Use of stirrups prevents damage

cent insulation level with outer jacket? OQuter

neutral from corrosion.

Are UG switches oilless with deadfronts? Vacuum
+

i ndicators are essential to quickly locating

automatically reset.

Do manhol es have sufficient working space for

areas), and pulling irons opposite all duct

rei nforcing duct entrances to reduce shearing.

i ntrusion.

Are duct line markers used to | ocate duct routes
Cabl e size should take into account any derating
under ground cabl es (I AW AFM 88-15, | atest

change of direction and at approxi mately 200 f oot

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

ok o R X b o b X b ok ok R X o b X b o R X ok % X b R X X ok b X kR X ok F X X ok F X % %
LI S N N 2 O B I I N B 2 N I B JE O N RN BT N BN BN 2N N DN BN DN N RN BN SN BN BN NN A B N N N B N )
oo % o R Xk o R X b b ok R kX o b X b o R Xk o kX ok b % X R b X X ok b X ok % X ok F % X
L S N B N O B I I N B B SRR N N BN DS NN BN NS N BN BN NN N N 2 N B N N N N B I A B 2 N R N

* cabl es? * *
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* 9. * Are underground splices either prohibited or only = * * *
* * al |l oned where absolutely necessary and with main- = * * *
* * tenance-free nethods and materials; e.g., heat * * * *
* * shrink and resin casting, etc? * * * *
* D. * SUBSTATI ONS * * * *
* 1. = Adequate bypass capability at substations so * * * *
* * breaker can be serviced? * * * *
* 2. * Are substations |ocated away from base perineter * * * *
* * fences and away from heavy traffic roads? Access =* * * *
* * roads to substations able to acconmodate |ine * * * *
* * mai nt enance vehicle? * * * *
* 3. * Do substations have the follow ng features? * * * *
* * a. Two sets of multi-ratio CTs, one each for in- =* * * *
* * strunents and one each for relays. * * * *
* * b. Low nmi ntenance breakers such as vacuum or * * * *
* * SF+6, or air. * * * *
* * c¢c. That any special maintenance tools are in- * * * *
* * cluded as part of facility. * * * *
* * d. Two power transformers, each capable of carry- = * * *
* * ing the | oad, should be considered for * * * *
* * reliability and ease of maintenance. * * * *
* * e. Permanent schematics are specified to be left = * * *
* * at the substation. * * * *
* E. * Al RFI ELD LI GHTI NG * * * *
* 1. = 1s airfield lighting vault designed with 480v * * * *
* * overhead bus duct distribution system and * * * *
* * devi ces/ equi pnent to facilitate renoval and re- * * * *
* * pl acenent of regulators, such as an overhead crane?* * * *
* 2. * Was heat loading of airfield Ilighting vaults con- = * * *
* * sidered? My need to be air conditioned. * * * *
* 3. = Does airfield lighting vault have adequate work * * * *
* * space, storage area, and a latrine? * * * *
* 4. * Are isolation transformers installed in cans, not * * * *
* * direct buried? Consider installing transforners * * * *
* * 50 fromrunway edge to all ow maintenance work * * * *

* during runway use. * * *
=2222232233333333333333111111111111111311111111113111II3I3111111I3231311313123131112X131)))))))-
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LI ST ANY ADDI TONAL LOCALLY UNI QUE R&M DESI GN
FEATURES TO BE CONSI DERED

*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

R o R X b o R Xk o ok ok R % R b X X b R X kR kX ok X X ok F X X %
LI N I I B I I B N I I N N R N B I R R N N N N N B R )
oo o R X X o b Xk o R X R R X ok R X X b b X % ok b X ok ok % X ok F % X
ook o R X X o R Xk o R X R o X b R X X b b X ok b X ok F % X ok F % X
oo o R Xk o R X F R ok ok R xR b X b R X kR X ok kX X ok F X % %

* * * *
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SECTION 5. EXTERI OR STRUCTURAL SYSTEMS

> *233333333333333313313131313313131331313131313313131331)) * * * *
* A * CGENERAL - check: * * * *
* 1.~ Materials suitable for the environment in which * * * *
* * they are to be used? * * * *
* 2.* Conponents accessi ble for periodic inspection * * * *
* * and/ or maintenance? * * * *
* 3.* Does the structural design specified provide the * * * *
* * | owest possible maintenance effort? * * * *
* 4.* Roof drains properly designed to avoid water * * * *
* * damage to structural systenf * * * *
* 5.* Are expansion and control joints properly located = * * *
* * to accommodat e buil di ng movenent ? * * * *
* 6.* Joint sealant properly selected to provide a * * * *
* * long-term mai ntenance-free joint? * * * *
* 7. Craw/attic spaces properly ventilated to prevent = * * *
* * noi sture damage? * * * *
* 8.* Maintenance of structural systemw thin |local cap- = * * *
* * ability? * * * *
* 9.* Maintenance requirenents identified in the plans * * * *
* * and/or specifications? * * * *
* 10.* |s waterproof grout/nortar specified for wet area = * * *
* * tile installation? * * * *
* 11.> Are masonry and concrete surfaces specified to be = * * *
* * sealed to prevent efflorescence and | eachi ng? * * * *
* 12.* Ventilation properly designed and functional to * * * *
* * prevent noisture accumnul ati on? * * * *
* 13.* Vapor/nmoisture barriers included in the design * * * *
* * where needed? * * * *
* 14. = Doors/w ndows designed and seal ed correctly? * * * *
* 15.* Any potential settlenent problenms? Does design * * * *
* * consi der possible settlenment? * * * *
* 16. > Does the design provide for protective coatings * * * *
* * that have been proven satisfactory for their * * * *

* jntended use? * * *
3302023000303 03 0303030303030 03 0303030303003 303030 DDA G
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SECTION 6. EXTERI OR STRUCTURAL SYSTEMS

> *233333333333333313313131313313131331313131313313131331)) * * *
* A *  GENERAL * * *
* 1.~ Review the Basis of Design, justify that all * * *
* * deviations fromthe approved criteria are * * *
* * warranted and will increase reliability or de- * * *
* * crease mmintenance requirenments and life cycle * * *
* * costs. * * *
* 2.* Check technical and using agency review comments * * *
* * for conpliance and inpact on reliability and * * *
* * maintainability. * * *
* 3.* Al openings adequately seal ed (w ndows, doors, * * *
* * ports, etc)? * * *
* 4.* Interior finishes durable and require m ni mum * * *
* * mai nt enance? * * *
* 5.* Check cl osures between areas with controlled and * * *
* * uncontrol |l ed environnent to prevent |oss of con- * * *
* * ditioned air. * * *
* 6.* Mechani cal equi pment room should be on the ground = * *
* * floor with exterior doors |large enough to nove * * *
* * equipment in or out. Roons should al so have * * *
* * sufficient space to pernmit routine nmaintenance * * *
* * w thout damage. * * *
* 7.* For interior mechanical equi prent roons, does * * *
* * design provide for sound attenuation measures * * *
* * (especially the doors)? * * *
* 8.* Does the design provide for support systeni hangers = * *
* * above suspended ceilings (particularly in cor- * * *
* * ridors) for future installation of ADP equi pnent * * *
* * cables, etc? * * *
> B. * CARPENTRY: * * *
* 1.~ Al doors wi de enough for furniture and equi pment =* * *
> * access? > > >
* 2.* Treated wood specified to be used in areas exposed = * *
* * to noisture or insects? * * *
* 3.* |s access to wood trusses or other areas that * * *
* * require periodic inspection provided in the design?=* * *

4.* Wod and specified protective coatings conpatible? = *
=222233233333333333333311111111111111313113113113113111113131313I1111I3I323131313111I3111IX2X13)3)I)))))-
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. > Drainage and ventil ati on adequate for confined
* areas subject to condensation?

FLOORI NG

Check selection and installation of flooring and
mai nt enance capabilities at base | evel

I's dark grout specified for ceranmic tile bath
floors? Consider epoxy grout in heavy use areas.

In selecting floor finishes, were noisture,

soi ling (abrasiveness/staining), chemcals, whee
| oads, dropped objects, novable furniture, foot
traffic, and traffic patterns considered?

PAI NTI NG

Pai nt application conplies with AFM 85-3?

Type of paint acceptable for |ocal environmental
st andar ds.

LI ST ANY ADDI Tl ONAL LOCALLY UN QUE R&M DESI GN
EEATURES TO BE CONSI DERED

O X X % b B o R F X % b b o R R X X b b b ok R X X % b ok ok ok X X X X%
ok X % b B o b ok kX X b b R R R F X % b b R R R X X % b ok ok ok X X X X%
ok X % b B o b ok kX X b b R R R F X % b b R R R X X % b ok ok ok X X X X%
Ok X b B o b R kX X ok b B R R F X % b b R R R X X % b ok ok ok X X X X%
Ok X b b B R R E X % b b o R R kX X b b B R R X X % b b ok ok % X X X X % ok F P % X X X

LN BN BT N N NE N TN JE BEE BN BEE NS NS NN SN B I I BN BN N B R R I I I BEE BN BNE T BT NS I I I BN BN B BN N

* * * *

-223333323333333333333333333333331313333133313131333313131313131333131313131323313131313231333231311))))))-



+))))))))))))))))))))))))))))))))))))))))))))))))))0)))))))))))))))))))))))))))))))))
ALL PURPOSE CHECKLI S PAGE 23 OF 7 PAGES

/))))))))))))))))))))))))))))))))))))))))))))))))))3)))))))))0)))))))))))))))))))))))l

* Tl TLE/ SUBJECT/ ACTI VI TY/ FUNCTI ONAL AREA > DATE
>~ RELI ABI LI TY AND MAI NTAI NABI LI TY CHECKLI ST > DEMM =~ APR 88 >

/))))))0))))))))))))))))))))))))?%é&?))))))))))))))2)))))))))3))))))0)))))0))))))))))1

NO. = (Assign a paragraph number to each item * * * *

* Draw a horizontal |ine between each nmjor * * * *

* par agr aph.) *YES *= NO * NA *

))))))3)))))))))))))))))))))))))))))))))))))))))))))))))))))3))))))3)))))3))))))))))l
SECTION 7. - ROOF

))))))))))))))))))))

GENERAL - Low Sl ope Roofs (less than three
inches/foot). Historically, |owslope roof
systens have experienced poor performance due to a
variety of factors. Some of the conditions that
contribute to early failures are identified in the
foll owi ng checklist itens.

>

Pitched roofs are desired in lieu of |owslope
roofs. Can facility be designed with a pitched
roof ?

For | ow sl ope roof designs, does design provide
for a m nimum sl ope of 1/4" per foot to ensure
positive drai nage of the roof surface?

Mounti ng of mechanical and el ectrical equi pnment on
the roof should be kept to an absol ute mini num
Rooftop equi pnent creates difficult flashing de-
tails, obstructs drai nage paths, increases repair-
men traffic, accelerates corrosion and equi pnent
weat hering, and negatively affects maintainability
of both the roof and the equi pnent thereon. |Is
equi prent properly nmounted and fl ashed?

For cold climates, interior roof drains are pre-
ferred over perimeter drains on | ow sl ope roofs.
Are drains located at | ow points wth consider-
ation given to the deflected position of the
structure under | oad?

Does the design provide for sloping the frame of
the building? This is much preferred over using
ot her methods of tapering the roof to achieve a
positive sl ope.

Low sl ope roofs should not drain to cold eaves in
cold regions since ice dans can devel op and result
in ponding. Do roofs drain to cold eaves?

Are scuppers provided, and at the proper height,
as a secondary neans for drainage if the primary
drai ns becone bl ocked? Scuppers shoul d be de-
signed to be approximately two to three inches
above the level of the primary drains.

For buil dings requiring expansion joints, are they
pl aced at the high point with drai nage directed
away fromthen? Expansion joints nmust allow

* novenent in three directions. * * *
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* 9. = Does the design provide for expansion joints at * * * *
* * the foll ow ng: * * * *
* * a. \Where the deck material changes (e.g., from * * * *
* * steel to concrete). * * * *
* * b. \Where the span of the deck changes direction. = * * *
* * c. Between an existing building and an addition. = * * *
* * d. \Wherever the deck can nove relative to an * * * *
* * abutting wall, curb, or other building com * * * *
* * e. At maxi mum spaci ng of 150 to 300 feet. * * * *
* 10. >~ Are curbs for expansion joints, area dividers, * * * *
* * and rooftop equi pment sized to pernmit a mninmum * * * *
* * base flashing height of eight inches? Maxinmm of = * * *
* * 12 inches? * * * *
* 11. > Use of tapered insulation for new construction to = * * *
* * provide positive drainage is prohibited. Tapered = * * *
* * insulation on reroofing of |owslope roofs is * * * *
* * acceptable. 1Is tapered insulation used correctly? = * * *
* 12. > Does the design provide for adding positive drain- = * * *
* * age (slope) for reroofing projects on dead-Ievel * * * *
* * I’OOfS? * * * *
* 13. * For | ow sl ope roofs subjected to heavy foot * * * *
* * traffic, are wal kway pads provided to prevent roof = * * *
* * dan-age? * * * *
* 14. > To ensure steel deck integrity, does design pro- * * * *
* * vide for steel fram ng around all equi pnent open- = * * *
* * | ngs? * * * *
* 15. > Do steel decks conply with a m ni num accept abl e * * * *
* * t hi ckness of 20 gauge? * * * *
* 16. > Does the design provide for insulation having a * * * *
* * m ni mum conpressive strength of 30 psi in order to * * * *
* * resist traffic | oads, hail stones, dropped tools, * * * *
* * et C? * * * *
* 17. >~ On steel decks, nechanical fastening of the first = * * *
* * layer of insulation is required. The second |ayer =* * * *
* * shoul d be hot-nopped, using bitumen adhesive. Use * * * *
* * of col d-applied adhesives for anchoring insulation * * * *
* * is prohibited. |Is insulation properly applied? * * * *
* 18. * For superior performance, is the use of double * * * *
* * layers of insulation placed with vertically offset = * * *

* joints specified? * * *
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SECTION 7. - ROOFI NG ( CONTI NUED)

233333313333333333133133313131311))))

19. Does the design provide for a mni mum 18- gauge

nmetal gravel stop or fascia strips?
20. Is a continuous cleat or hook strip specified for
stabilizing the bottomof fascia strips?

21. Check location of all flashing; if at all pos-
sible, locate flashed joints above the roof water
line. |If inmpractical to followthis rule, are
flashi ngs kept out of |ow areas where pondi ng

m ght occur?

22. Based on life-cycle costs, was a design incor-
porating the use of a protected nmenbrane roof
(PMR) system considered to enhance R&M?

23. Use of single-ply elastomeric nmenbranes may be
specified. Has approval for use been obtained
fromthe MAJCOWP

GENERI C ROCFI NG SYSTEMS

Built-Up Roofing. For reroofing/replacement pro-
jects, does the design incorporate the speci-
fications included in ETL 87-8: "Built-Up
Roof i ng Repair/ Repl acenment Gui de Specifications?"

St andi ng Seam Metal Roofing System ( SSMRS) .

a. Has the designer investigated the possible use
of a standi ng-seam netal roofing system based
on life-cycle costs?

b. In a SSMRS, specify the use of alum num all oy
panel s rather than al um nuni zi nc-coat ed stee
panel s since the estinmated service life is up
to 75 percent greater with al um num panels.
Is the optinum material specified?

c. For a SSMRS, the design nust provide for a
m ni mum sl ope of 1/4 inch per foot under nornal
at nospheric conditions. Near salt water areas,
m ni mum sl ope required is 1/2 inch per foot in
order to enhance the life of the panel. Are

* t he design sl opes correct? * * *

-223333323333333333333333333333331313333133313131333313131313131333131313131323313131313231333231311))))))-

FooR % o R X b b R b R R R X o b X ok R % b R X X R b X kR % X ok b X X ok F X % %
o o o b X b o R X ok Rk o R X o b X ok R ok ok R X X ok b X R kX ok k% X ok F X X% %
Rk R R X b o R X b Rk b R X o b X kR kX ok R X X ok b X R kX ok % X ok F X X% %
R o b R b X b o R X ok Rk R R X o b X b R ok b R X R b X R kX ok k% X ok F X X% %
o ok o b X b o R X b Rk b R X o b X b R kX ok R X R b X R kX ok k% X ok F X X %

FooR ok kR R X b b R b R R b X o b X ok R kX b R X X R b X ok R % X ok b X X ok F X % %



PAGE 26 OF 72 PAGES
+)))))))0)))))))))))))))))))))))?%é&?))))))))))))))))))))))))0))))))0)))))0)))))))))),

* NO. * (Assign a paragraph number to each item * * *
* * Draw a horizontal |ine between each nmjor * * *
* * par agr aph.) *YES *= NO * NA

/)))))))3))))))))))))))))))))))))))))))))))))))))))))))))))))3))))))3)))))3))))))))))
Does the design provide a m ni mum of two inches*

of vapor retarding faced insulation for noise =
control and condensation control under the
nmet al panel regardl ess of the thernmal insu-
| ati on val ues desired?

e. \Were roof traffic is expected for equi pnent
mai nt enance, does the roof system design pro-
vide a pre-designed serviceway to keep foot
traffic, tools, and equi prent from damagi ng
the roof surface?

f. Does the specification include the requirenent
that the SSMRS system shall be the design of a
manuf acturer who is regularly engaged in the
fabrication of SSMRS for at |east ten years?

g. Do the specifications include the requirenent
that the contractor has a mnimum of two years
experience in the installation of SSMRS?

Steep Roofing. Materials used for steep roofing
include rolled asphalt, asphalt strip shingles,
clay tile, concrete tile, slate tile, wood

shi ngl es, and wood shake roofing systens.

a. Special techniques for installation of steep
roof roofing systens are adequately detail ed
in the National Roofing Contractors Associ -
ation (NRCA) Roofing and Waterproofing Manua
(Cct 86). Are these techniques used?

b. Does the design for the roof installation
flashing, underlaynment, nailing, and ventil-
ation details nmeet the basic requirenents
of the NRCA manual ?

c. To enhance mamintainability, selection of a
| ong-l asting prem umroofing system shoul d be
specified comrensurate with the facility life
cycle and architectural theme. WAs the system
sel ected on a life-cycle cost basis?

LI ST ANY ADDI TI ONAL LOCALLY UNI QUE R&M DESI GN
FEATURES TO BE CONSI DERED

1
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* * SECTION 8. WATER AND WASTEWATER * * * *
> * 2333333313131313131313131313131313131313131313133))) * * * *
* A * CENERAL - check: * * * *
* 1. = Structural support menbers and hoi sts over |arge * * * *
* * pi eces of equipnent to allow equi pnent renoval for = * * *
* * mai nt enance purposes. * * * *
* 2. * Large equipnment requiring installation or removal = * * *
* * fromthe building nust have an adequate buil di ng * * * *
* * openi ng and associ at ed passageway. * * * *
* 3. * All equipnment rmust have adequate space (horizontal = * * *
* * and vertical) for itself and a work area for part = * * *
* * or unit repair, adjustnment, or renmoval. In sone * * * *
* * places, a maintenance platform nmay be necessary. * * * *
* 4. = Provide adequate access with wal kways and stairs * * * *
* * to equi prent and tank sidewalls for maintenance * * * *
* * and cl eani ng. * * * *
* 5. * Water and sewer lines located in readily * * * *
* * accessi bl e areas for cleaning and/or repair, not * * * *
* * under paved roads or in heavy traffic areas when * * * *
* * it can be avoided. * * * *
* 6. * Adequate spare parts and equi pnent for critical * * * *
* * repairs of the system All punping facilities * * * *
* * must have spare punps and on-1line standby gener- * * * *
* * ator power to run all equipnent. * * * *
* 7. > Movabl e building | ouvers that can be closed in * * * *
* * cold weather to protect equi prent and to ensure * * * *
* * proper confort for O&M personnel in the perfor- * * * *
* * mance of their duties. * * * *
* 8. * Adequate piping and val ves so that treatment plant = * * *
* * conponents can be isolated or by-passed for opera- =* * * *
* * tional flexibility and mai ntenance purposes. * * * *
* 9. = That equi pnent and instrunentation is durable, * * * *
* * reliable, requires mninml maintenance, and is * * * *
* * gpecifically designed for water or sewage treat- * * * *
* * ment system environnents. * * * *
* 10. > That pipes and val ves are col or coded and have * * * *
* * flow direction arrows. * * * *
* 11. = That sufficient sanmpling taps are provided through-= * * *
* * out the system for adequate testing and process * * * *

contr ol
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Sufficient access roads and service areas are pro- =

vi ded around out door equi prent and for renoving
| arge internal equipnent.

*

13. Thrust bl ocks and supports where flows change

direction and at automatic val ve | ocations.
14. Fl oor trenches around punps to carry water spills
to sunps.

15. Pi pi ng supported by wal kways is centered or pro-
perly |l ocated and supported so that wal kways wl|l
not tilt or twi st under the increased | oads.

16. Pressure gauges on the upstream and downstream
side of altitude valves and on the pressure side
of relief valves to allow checking and adj ust nment
of the valve

17. That all electronic or automatically controlled
val ves have manual override or by-pass capability
where necessary for maintenance or during power
out ages.

18. Pressure gauges on the discharge side of all major
punps are specified.

19. Air bl eed-off valves at high points in punp dis-
charge lines to all ow renoval of air-1Iocks.

20. That an isolation transformer is provided to
separate | aboratory electrical circuits from pl ant
equi pment circuits.

21. Conplete treatment plant as-built wring draw ngs,
schematics, and logic circuits are provided and
actual wires are labeled with identification lists
at circuit breaker boxes.

22. Qui ck-di sconnect el ectrical plugs on subnerged
equi prent to allow rapid replacemrent when main-
tenance is required.

23. Adequat e consi deration of any potential freezing
probl enms of piping and pl ant conponents.

24. That pipe penetrations in concrete tanks are pro-
vided wi th enmbedded sl eeves and properly caul ked.

L S N NI 2 N B I I I B BN SRR O BEE BN O N BN BT N BN I N A N N N 2 N R I I N R N N N
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That sufficient ground cover is provided for |oad
* protection of buried Iines. * * *
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SECTI ON 8. WATER AND WASTEWATER ( CONTI NUED)
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26. That adequate calibration equi pment, specia
tools, and spares are provided to maintain neters
and other controls.

27. That dry chem cal feed systenms and storage areas
have humi dity control s.

28. That adequate operational lighting is provided
for night operations.

29. That provisions are made for |locating nonnmetallic
buri ed pi pe.

w

WATER SUPPLY, TREATMENT, AND DI STRI BUTI ON SYSTEMS

That distribution systens are | ooped for backfeed
capabilities with adequate valving for safe,

ef fective troubl eshooting, isolation, and repair
Val ve | ocations accessible for repair. Value box
covers should be netal or have netal tags for

| ocating with nmetal detector.

That well details and data are provided to all ow
for later servicing, repair, and redevel oprment.

That potable water storage facilities are designed
to preclude stagnation of the water.

That pneumatic tank systens specify cutoff and
start pressures along with the associ ated tank
vol une percentages for ease of startup and servic-

i ng.

That raw water is used in lieu of oil to lubricate
wel | punp bearings where practical

@

SEWAGE TREATMENT AND COLLECTI ON SYSTEMS

Adequat e manhol es and cl ean-outs are provided to
permt maintainability. C ean-outs on pressure
lines are equi pped with clanmp-on caps.

That manhol es and tanks have | adders that are
securely anchored to the wall. Ladders should be
constructed of corrosion-resistant materials and
SAE-T-LOCKS installed if depth is 20 feet or nore
* so safety belts can be utilized. * * *

-22333332333333333331333333333333331333133313131333313131313131333131313131323313131313231333231311)))I)))-
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* That black iron is not used for |adders or
handrails, etc. Ferrous nmetals exposed to sewage
gases shoul d be gal vani zed.

Pai nt specifications for sewage treatnent plants
that require internmediate and finish paint coats
nmust be | ead-free, mercury-free, funmeproof, and
sui table for sewage atnosphere containing hydrogen
sul fide.

That traps and separators are provided to prevent
oil and grease fromentering the sewage system

For maintainability of standard sewage systens,

t he mi ni mum pi pe size for house connections is 6"
and 8" for all other sewer lines. Sewer |ines
nmust have sufficient slope to maintain a full flow
velocity of 2 ft/sec and an average flow velocity
of 1.6 ft/sec.

Lift stations have:

a. Dual subnersible punps with automatic
alternating | ead punp controls with a nanual
overri de.

b. Adequate wastewater storage for short power
out ages or nmmi ntenance down time.

c. Adequate heat and lighting and expl osi on- proof
swi t ches.

d. Easy access for naintenance personnel and punp
repl acement provi sions.

e. External switch provided for quick connection
of nobile emergency generator

Do drains from sources having possible oil or
grease contam nation have satisfactory separator
units?

That digester tanks have ground |evel entry
provi sions and | ow point punp out capability.

LI ST ANY ADDI Tl ONAL LOCALLY UN QUE R&M DESI GN
FEATURES TO BE CONSI DERED

1
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2_ * * * *
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SECTI ON 9. | NDUSTRI AL WATER TREATMENT

*

> * 0 23333333333333331313131313131313133131313131331331313))) * * * *
* A * CENERAL - Check: * * * *
* 1. = Does the systemfacility require industrial water = * * *
* * treatnent (I1WI)? * * * *
* 2. * Was a current water analysis used in the design of = * * *
* * the industrial water systenf * * * *
* 3. > Does the water treatnent program specified comply = * * *
* * with AFR 91-40 and AFP 91-417 * * * *
* 4. = |s there a proper backfl ow prevention device speci-=* * * *
* * cified between the potable water supply and the * * * *
* * treated industrial water? * * * *
* 5. = Is pretreatment of the water required (softener, * * * *
* * deal kal i zer, dem neralizer, etc)? |If so, is it * * * *
* * included? * * * *
* 6. * Is reliable, maintenance-free feed equi prent * * * *
* * gspecified? Continuous feed systenms are preferred. = * * *
* 7. = 1s feed equi pment easily accessible so the * * * *
* * operator can perform operation and mai nt enance * * * *
* *taSkS? * * * *
* 8. * Are chemical feed tanks of sufficient size for * * * *
* * efficient operation? * * * *
* 9. * Are feed punps of the proper type and size? * * * *
* 10. * |Is there nearby space avail able for proper storage = * * *
* * of treatment chemi cal s? * * * *
* 11. > Are there adequate sanpling points provided in the = * * *
* * design for: * * * *
* * a. Makeup water? * * * *
* * b. System water? * * * *
* * c¢. Condensate? * * * *
* * d. Feedwater? * * * *
* 12. > Are sanple cool ers specified where required? * * * *

-22333332333333333333333333331333133333313331313133331313131313133313131313132333131313231333231311))))))-
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13. * |Is there adequate space to set up a |l aboratory for =

* testing water sanples?

*

14. Are corrosion test racks included in the design?

15. Are mechani cal seal punps rather than water
| ubricated seal punps specified for closed
systenms?

16. Are system capacities provided in order to cal -
cul ate ampunt of treatment chem cal s required?

17. To inhibit al gae growth, does the design provide a
cover over the cooling tower distribution decks?

18. For systens subjected to freezing, are adequate
freeze-protection features specified?

19. I s the makeup and bl owdown water netered?

B. LI ST ANY ADDI Tl ONAL LOCALLY UN QUE R&M DESI GN

FEATURES TO BE CONSI DERED:

1

2.

Ok X X b b b R R kX % b b b R F X % b b R R kX X X % b R ok X X X X
O X X b B o R F X % b b B R R X X X % b b R R X X % b ok ok ok X X X X%
O X X b b B b R F X % b b B R R X X b b b R R X X X % b ok ok ok X X X X
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Ok X X b b B R R kX % b b R R F X % b b R R kX X X % b ok ok X X X X

Ok X % b B R R R E X X b b B R R F X X b b o R R X X % b o ok ok kX X X X X P F F F e

* * * *
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* NO. * (Assign a paragraph number to each item * * * *
* * Draw a horizontal |ine between each nmjor * * * *
* * par agr aph.) *YES *= NO * NA *
/)))))))3))))))))))))))))))))))))))))))))))))))))))))))))))))3))))))3)))))3))))))))))l
* SECTI ON 10 - PLUMBI NG

> * 233333131313131313131313131313131)) * * * *
* A * CGENERAL - check that: * * * *
* 1. = Pipe conceal ment spaces, furring, or chases are * * * *
* * adequately sized. * * * *
* 2. * The distance fromvent to fixture trap conforms to = * * *
* * the Uniform Pl unbi ng Code. * * * *
* 3. * An air gap or indirect waste is provided on all * * * *
* * food service equipnent as required by the Uniform = * * *
* * Pl unmbi ng Code. * * * *
* 4. = The grades of all drain lines are accurately cal- = * * *
* * cul ated and that the invert elevations are * * * *
* * established and indicated on the draw ngs. * * * *
* 5. * Equi prent schedul es indicate the necessary units, = * * *
* * capacities, types, sizes, special notes, etc. * * * *
* 6. *= Air chanbers for fixtures are provided for groups = * * *
* * of about four fixtures instead of at each faucet, = * * *
* * control valve, or flush valve except where quick- = * * *
* * acting valves are install ed. * * * *
* 7. * Electric water heaters specified to conformto * * * *
* * Federal Specification WH 196 have a dual type * * * *
* * heating el ement and m ni mum si ze of 30 gall ons. * * * *
* 8. * Vacuumrelief valves are specified for the cold * * * *
* * water connection to electric water heaters. A * * * *
* * check valve is unacceptable. Location of relief * * * *
* * val ves shoul d be in accordance with diagrans in * * * *
* * the Technical Manual . * * * *
* 9. * In buildings taller than two stories or where the = * * *
* * total stack height is greater than 35 feet, extra = * * *
* * heavy soil pipe, not service weight pipe, is * * * *
* * speci fi ed. * * * *
* 10. * The drawi ngs provide enl arged doubl el ine piping * * * *
* * plans for equi pnent roons or other congested * * * *
* * areas of pipe and/or equipnent. * * * *
* 11. >~ Raw, saline, or other nonpotable water that is * * * *
* * avail able could be used in secondary paths where * * * *

* costly treatment would not be required. * * *
=222233223333333333333333111111111111131131131111113111III111111I3231311313123131112313131))))))-
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2. =~ A conplete legend and |ist of abbreviations for *

pl unmbi ng and HVAC are provided.

*

13. El ectric heating elements in food warning tabl es
have automatic shutof£s to prevent el enent
failure when | ow water situations occur

14. Shop floors sl ope away from equi pnent and
hydraulic lift shafts and toward drains which are
adequate in size.

15. Air and water are avail able for vehicle use ex-
ternal to shops and mai ntenance bays in order to
avoi d using the bays for checking water in
radiators or air in tires.

16. VWen no central water softening systemis avail -
abl e, check water analysis for hardness. |If re-
qui red, provide water softeners in accordance with
appl i cabl e Techni cal Manual s.

17. Are backfl ow prevention program devi ces accessi bl e
to craftsman for inspection?

18. Are hose bibs provided on exterior walls at appro-
priate, strategic |ocations?

19. Are freeze-proof hose bibs specified in cold
climte areas?

20. Is sufficient valving provided to isolate m ninmum
system sections for repair or naintenance, by
floor, w ng, bay, etc?

LI ST ANY ADDI Tl ONAL LOCALLY UNI QUE R&M DESI GN
FEATURES TO BE CONSI DERED
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* * * *
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* SECTI ON 11. FUEL FACILITY (PQL)

> * 233333333131313131313131313131313131313131313133))) * * * *
* A * RECEI PT - check: * * * *
* 1. = Tanker off-Ioading * * * *
* * a. Arerigid pipe |loading arns specified? * * * *
* * b. Do the draw ngs provide contai nment from all * * * *
* * sources of fuel spill? * * * *
* * c. Are strainers |ocated on shore? * * * *
* * d. |Is the piping sloped toward shore, and are * * * *
* * fuel stripping points provided to remove fuel = * * *
* * for maintenance? * * * *
* 2. * Pipeline * * * *
* * a. Are thermal relief valves provided with iso- * * * *
* * | ation valves on the relief Iine around all * * * *
* * aboveground val ves where piping is bl ocked * * * *
* * fromthermal pressure relief? * * * *
* 3. * Truck/Rail * * * *
* * a. Arerigid pipe (no hose) |oading arns provided * * * *
* * at truck fill stands? Use hoses for rail off- = * * *
* * | oadi ng only. * * * *
* 4. > Filtration * * * *
* * a. Are strainers provided with easily renovable * * * *
> > covers? > > > >
* * b. Specify horizontal filter/separators with * * * *
* * American PetroleumlInstitute (APlI) el ements. * * * *
> B. * STORAGE - Check: * * * *
* 1. = Underground * * * *
* * a. Provide panic hardware on doors and horizontal = * * *
* * entry on all punp houses. * * * *
* * b. Provide three (nmore or |ess depending on the * * * *
* * tank diameter) manways (36 inch m nimum * * * *
* * di nensi on) outside the punp house up to ground * * * *
* * level. One manway will be provided with a * * * *
* * | adder. Use a safety rail systemin lieu of a = * * *
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safety cage to allow easier access with

respiratory protective gear and other safety
wear. No tank openings should be in the punp
house.

c. Pipe the high-level float valve pilot tubing
back t hrough the flange to the downstream of
the high level control valve. This wll
prevent the free fall of fuel fromthe fl oat
val ve pilot.

d. Coat all tanks.

b. Al deep well turbine punps will be provided
wi th mechani cal coupler so that the shaft sea
can be renoved wi thout renoving the punp notor.

c. Provide a dedicated on/off switch (Il ockable
type) near each punp notor for |ocal manual
* operation. * * *

-22333332333333333331333333333333331333133313131333313131313131333131313131323313131313231333231311)))I)))-
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* * * * *
* * * * *
* * * * *
* * * * *
* * * * *
* * * * *
* * * * *
* * * * *
* * * * *
* * * * *
* * * * *
*x * * * *
> 2. * Aboveground (vertical, reinforced concrete with * * *
> * steel liner called cut and cover). * * *
* * * * *
> * a. The high-level float control and alarns should = * *
> * be accessible fromthe tank stairway on the * * *
> * exterior of the tank. * * *
* * * * *
> * pb. Coat all fuel storage tanks, not just aviation * * *
> * st orage tanks. * * *
* * * * *
> * c. Use only nonlubricated Iift plug valves for * * *
> * all manual val ve applications where * * *
> * quarter-turn shutoff is not needed. * * *
* * * * *
> * d. Extend roof access stairway all the way to * * *
> * t he ground. * * *
* * * * *
> * e. Align manways with prevailing w nds. * * *
* * * * *
> = f. Are manway covers provided with davits (this = * *
> * provides for horizontal rotation of the cover = * *
> * wi t hout renpval fromthe tank) for easier * * *
> * renoval ? * * *
*x * * * *
* C. * TRANSFER SYSTEMS * * *
* * * * *
> 1. = Punping * * *
*x * * * *
> * a. Install flow switches with tine delay on all * * *
> * punps to protect the punp under no flow condi- = * *
> * tions. * * *
*x * * * *
*x * * * *
*x * * * *
* * * * *
* * * * *
*x * * * *
*x * * * *
*x



+))))))))))))))))))))))))))))))))))))))))))))))))))0)))))))))))))))))))))))))))))))))
ALL PURPOSE CHECKLI S PAGE 37 OF 7 PAGES

/))))))))))))))))))))))))))))))))))))))))))))))))))3)))))))))0)))))))))))))))))))))))l

* TI TLE/ SUBJECT/ ACTI VI TY/ FUNCTI ONAL AREA * DATE

* RELI ABI LI TY AND MAI NTAI NABI LI TY CHECKLI ST * DEMM * APR 88 *
/)))))))0)))))))))))))))))))))))?%%&?))))))))))))))2)))))))))3))))))0)))))0))))))))))l
* NO. * (Assign a paragraph number to each item * * * *
* * Draw a horizontal |ine between each nmjor * * * *
* * par agr aph.) *YES *= NO * NA *

/)))))))2))))))))))))))))))))))))))))))))))))))))))))))))))))3))))))3)))))3))))))))))l
SECTION 11. FUEL FACILITY (POL) ~ ( CONTI NUED)

233333333333333333133333313131313131333133313111)3I))

*

d. Use only double suction split case centri -
fugal s for aboveground suction applications.

e. Provide punps larger than 15hp with a soft-
start controller (solid state closed
transition type preferred) to mnimze the
surging of fuel in the system

f. Ensure deepwell turbine discharge head fl ange
bolts attaching the punp to the tank flange
are accessi bl e and not enmbedded in the con-
crete. Elevate tank flange connection at
| east 4" ahove pump roomfloor. This wll
facilitate punmp renoval.

2. Pi pi ng

a. Provide isolation valves, as appropriate, to
al I ow pi peline maintenance (lift plug design).

b. Provide thermal relief with isolation valves
on the relief line around all aboveground
val ves where piping is blocked. This pernits
relief of excessive pressure when fue
tenmperatures increase from exposure to the
el enent s.

c. Provide duplex strainers where strainers are
requi red and punping cannot be interrupted to
cl ean strainers such as of f-loadi ng headers.

d. Use a steel sleeve on all pipe penetrations
t hrough concrete. Install positive mechanical -
type seal (simlar to Link Seal) on all pipe
penetrations. Spacers nust be installed be-
tween pipe and sleeve to ensure the pipe does
not touch the sleeve. Do not use caul k.

e. Provide |ow point stripping connection with
val ve on all accessible pipe and in pits where
the | ow point is buried.

f. Provide isolation valves (lift plug design)
every half mile or as systemdictates on al
pi pi ng systemns.

D. HYDRANT SYSTEMS

LIS I B I Nk B I I I BN BN DR I BN BN N BN BN NN DN BN 2N DR DT BN BN e NN BN BT SN BN NN N A B I N I N N R
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1. Oper ational Tanks * - *
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a. Underground tanks should not normally be used. = *

Contact the MAJCOM DEM for assi stance.
b. Aboveground (same as B.2.).
2. Punpi ng

a. Hardened (punp houses with deepwel | turbine
punps (see C. 1.).

b. Aboveground (see C. 1.d.).
3. Filter-Separators
a. Use only horizontal filter separators with
APl elenments. Provide a m ninum five-foot

clearance in front of vessel to facilitate
filter rempval and three feet on all other

sides. The bottom of the door will be a
maxi mum of five feet above the finished
fl oor.

b. Use only piston-type differential pressure
gauges (Gammon Technical Products) for filter
separators. Do not use dial-type differen-
tial gauges.

c. Use weighted float feature for automatic drain
valve float. This permts testing of the
float.

d. Ensure that the pilot piping for the float
control rotary disc is froma filtered source
of fuel.

e. All control tube connections and small val ves
shoul d be of | eakproof design.

4. Pits
a. Hydrant pits will be | arge enough to provide
at least a two-foot distance fromthe riser to
the pit wall.

b. Provide a sunp with water draw off capability
for all pits. Install a standpipe with a
qui ck connect coupling at grade |evel

c. |Isolation valve pits will be provided with
val ve extension operators to the top of the
pit. Scaffolding will be used in each pit at
no nore than five feet bel ow grade.

LIS S N B 2N Nk A TN BN R BE BN NS N NN 2N SR T BN BT BT BN BN JNE N BN 2N DR SR BN BN NS BN BEE BT ST BN NN 2R ST BN BN DS N RN IS NS B 2 R I
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d. Al pits except pits in the ramp will have
rolling pit covers sinmilar to the USAFE de-
si gn. * * *
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e. Provi de a m ni mum cl earance of two pipe
di ameters or 24 inches, whichever is greater
around all flanges, valves, strainers, or
simlar fittings. Center all piping in valve
pits smaller than four feet wi de.

5. Controls

a. Automatic flow control valves will be provided
wi th val ve position indicators.

b. Equi p all main val ve body ports on automatic
val ves with shut-off valves to control tubing
of pilot system This will allow isolation of
pilots for maintenance with | ess chance of a
fuel spill.

E. DI SPENSI NG
1. Truck fill stands
a. Under gr ound

(1) Provide hydrant dead man on pressure-type
fill stands.

(2) Use pantograph-type |oading arnmns.
b. Abovegr ound

(1) Thirty-second rel axation chanmbers are not
required at truck fill stands.

(2) Do not provide two-stage flow control on

truck fill stands. This feature on the
flow control valve sets flow rates at two
different flows during initial fill and
full flow It is no |longer needed.

(3) Pitch the receipt line to the punp to
avoid loss of punp prime. Provide a flow
on the punp with time del ay.

bk o R X b R R b R R b X o R X b R X o R X X R R X ok R % X ok X X ok F X % %
bk o R X b b R b R R b X o R X ok R kX b R X X ok R X kR % X ok X X ok F X % %
FooR o kR R X b b R b R b b X o b X ok R b R X X R b X ok R % X ok b X X ok F X % %

(4) Specify a rigid pipe |oading arm which
uses sw vel joints containing stainless
steel races and easy maneuverability. * * *
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2. Meters

a. Do not include tenperature conpensation or
recorders.

b. Provide inlet and outlet ports around al
neters to pernit calibration

c. Ensure nmeter stands or supports so that
bottom drain val ve and pi ping are accessi bl e.

F. GENERAL REQUI REMENTS

1. Use full-port ball valves for all applications
where econony or quick closure are required. Use
lift-plug valves for all manual val ve appli ca-
tions where quarter turn shutoff is not needed.
Do not use gate valves in any fuel system

2. Pi pe supports will be no closer than two pipe
di ameters fromany fitting or valve.

3. Locate piping and val ves aboveground, where
possi bl e, unless survivability requirenents
dictate a high level of protection.

4. Specify only raised-face fl anges.

5. Provide all strainers with quick opening yoke
assenbl y.

6. Provide drain piping with valve on all strainers

and filter/separators.

7. Pipe all pressure reliefs (not thermal expansion
reliefs) and air elimnators to the reclai mtank

8. Provide thermal relief (with isolation valves on
the relief line) around all aboveground val ves
where piping is blocked fromthermal relief. Do
not pipe to reclai mtank.

9. Provide the reclaimtank or drain tank from al
sources of fuel drain. Provide punp out cap-
ability through filter/separator into the
operating tank.

ook b b X kb R X b b R R Rk X R b X o R Xk R kX ok R % X R b X X ok R X ok % X ok F % X
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10. Ensure punp houses or pit design allows access
with the appropriate heavy equi pnent for renoval
of large system conponents such as punps or notors. * * *
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> 11. > \here heavy equi pment access is not anticipated, * * * *
* * an overhead crane of structural beam shoul d be * * * *
* * installed in punp houses to facilitate conponent * * * *
* * renoval . * * * *
* 12. * Ensure all flange bolts and nuts are specified as * * * *
* * hex head and not square head. Square head bolts * * * *
* * tend to round off prematurely. * * * *
* 13. * Electrical * * * *
* * a. Ensure vol tages are nominal NEMA standard for * * * *
* * econom cal acquisition and repl acement of * * * *
* * notors and controls (e.g., 460 volt notors * * * *
* * rather than the old, pre-1965 440 or 220 volt * * * *
* * speci al order itens). * * * *
* * b Install phase nmonitors for protection of all * * * *
* * t hree- phase notors (prefer solid state * * * *
* * starters that include phase nmonitors). * * * *
* * C. Punpi ng systens shoul d be designed to prevent * * * *
* * notors being installed in pits or |ocations * * * *
* * subject to flooding. If this is inmpossible, * * * *
* * then be sure notors are of the subnersible/ * * * *
* * expl osi on- proof type to preclude damage if * * * *
* * fl ooded, or are designed for easy relocation. * * * *
* G * LI ST ANY ADDI TI ONAL LOCALLY UNI QUE R&M DESI GN * * * *
* * FEATURES TO BE CONSI DERED: * * * *
* 1 * * * * *
* 2 * * * * *

* * * *
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SECTI ON 12. HVAC
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A Al R MOVEMENT AND DI STRI BUTI ON - check the
foll owi ng design requirenents:
1. Fans and Air Handlers

a. That access openings are specified in fan
guards for checking fan speed.

b. Are variable inlet vanes, variable pitch
bl ades notor speed control, or variable
di scharge danpers provided for control of VAV
systens? Do not rely on "fan tracking" as a
met hod of control

c. Have extended grease fittings been specified
for bearings where required for access?

d. That access doors for cleaning coils, drain
pans and fan bl ades are provided.

e. That specified equiprment is in the nmid range
of catal oged performance to allow for adjust-
ment during conmm ssioni ng.

f. Inside lights provided in air handl ers having
25 square feet of coil area or larger? Use
exterior munted switch with indicator |ight.

g. Ensure fan-coils are installed so as to allow
full opening of all access doors.

h. That return fans are not used in systens
having less than 1 inch w.g. return | oss.

i. If return fans are required, ensure a nm nimum
di stance of 2 1/2 tines the equivalent fan
di scharge duct diameter (6 tinmes for outlet
vel ocities 6000 fpm and higher) is provided
between the fan and the return air and exhaust
ai r danpers.

j. Are exhaust fans with variable inlet vanes,
vari able pitch bl ades, variable discharge
danpers, or notor speed control specified for
all systens with econom zer control stra-
tegies? Do not rely on relief vents to provide
* adequat e exhaust capability. * * *
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Install air handling units in equi pment roons * *

wher e possi bl e.

Are air handl ers above suspended ceiling
provided with servicing platforns, extending a
m ni mum of thirty inches fromthe edge of the
equi pment, with a thirty-six inch high clear
wor ki ng space on the control side and ot her
side where access is necessary.

m That adequate cl earance for servicing to
i ncl ude space for coil renmoval and filter
changi ng i s avail abl e.

2. Coils
a. |Is sufficient space specified between cooling
and heating coils to facilitate cl eani ng?
b. That copper tubing is specified and copper fin
coils are indicated for coastal areas.
c. Are drainable and cleanable coils specified?
d. That steamdistributing tube type steamcoils
are specified and that adequate provisions for
air bleeding is provided.
3. Filter sections
a. That magnahelic pressure gauges across al
medi um and high efficiency filter sections are
speci fi ed.
4. Louvers, Dampers, and M xi ng Boxes

a. Ensure that fresh air |ouvers are not |ocated
adj acent to heat rejection equipnment (cooling
towers, etc.)

b. That pressure independent bal anci ng danpers
downstream of VAV termninals are specified.

c. That full quadrant bal anci ng danpers for al
fresh air and return air ductwork to al
handl i ng units are specified.

d. That duct access doors on both sides of al
danpers are specified.

e. That specifications require the use of high
efficiency danmpers for all fresh air danpers
* and m xi ng boxes. * * *
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SECTION 12.  HVAC ( CONTI NUED)

DD 3303000000000 0000))))
5. Duct wor k

a. That fiberglass ductwork is specified to be
constructed | AW"Fi brous d ass Duct Construc-
tion Standards" of SMACNA.

b. That sheet netal ductwork is specified to be
constructed to | AW SMACNA, "Low Pressure Duct
Construction Standards or Hi gh Pressure Duct
Construction Standards", as applicable.

c. Maxi mum ductwork | eakage rates of 2% for round
and 5% for rectangul ar are specified (to be
tested and verified during air bal ance).

d. Is a vapor barrier material specified for al
i nsul ation intended for air conditioning
duct wor k?

e. Are access doors/panels provided at all |oca-
tions which require periodic cleaning; i.e.

reheat coils and VAV term nal s?

f. That branch ducts are offset fromthe main
trunk duct (not opposite each other) for
i mproved "bal anceability".

g. Are lights provided in duct chases for ease
of mai nt enance? ...(and exterior "on/off"
switch with pilot light is required).

h. Does design of supply and return ductwork
prevent stratification? Use baffles if
necessary.

i. Are manually operated, opposed bl ades or
singl e bl ade, quadrant-type vol une danpers
specified for each branch duct take off after
| eaving the main duct. Splitter danpers and
vol ume extractors are not suitable for vol ume
control

j. Double thickness or single thickness extended
edge turning vanes in rectangul ar el bows
speci fied?

FooF % o b ko R X b b R R Rk b b X b b X kR kX ok R % X b b X X ok b X ok % X % F % X
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k. Does design provide for manual vol une danpers
at branch duct connections upstream of * * *
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registers or diffusers? Diffuser/danper *

conbi nati ons are acceptable only in addition to
(not in lieu of) upstream vol ume danpers.

(Regi sters or diffuser danmpers cannot reduce
hi gh vol umes wi t hout creating high noise

| evel s.)

That all volunme danpers are | ocated at |east
two diameters froma fitting and as far as
possi ble fromoutlets.

m That straight duct sections of at least 7 1/2
duct diameters from fan discharge, el bows, or
open duct ends are shown to insure accurate
traverse readi ng.

n. That duct drops to diffusers have a m ni num
length of two times the duct dianmeter to
assure even distribution fromthe outlet.

0. Due to differences in pressure drop resulting
in inherently unbal anced conditions, diffusers
regi sters and/or light troffers should not be
| ocated on the same branch duct - if possible.

6. Term nal Devices

a. That pressure independent term nals are
speci fi ed.

b. Are duct access doors provided upstream of
VAV term nal s and adequately sized to all ow
cl eaning and | ubrication?

c. That reheat coils (even in VAV applications)
are not specified if avoidable.

d. That VAV or dual -duct termi nals having
distribution plates, orifices plates, or any
other similar device that is susceptible to
dirt entrapment are not specified.

e. That term nal devices are |ocated over comon
use areas (where possible) to reduce inter-
ference with buil ding occupants during main-
tenance activities.
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B. Pl PI NG
1. Chilled and Hot Water - check
a. That thernmoneters and gauges at inlets and
outlets of all heat exchange devices; i.e.
converters, chillers, water cooled con-
densers, boilers, etc, are specified. * * *
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b. That air vents with isolation valves are
specified at all high points and at heat
exchangers.

c. To see if vapor bsrrier material is called for
all chilled water piping insulation.

d. That chemi cal feeders for water treatnent are
speci fi ed.

e. That dielectric unions are specified at al
connections of dissimlar netals.

f. That flow neasurement equipnment (i.g., orifice
pl ates) are specified for all major heat
exchange devices and each punp.

2. St eam and Condensate Return - check
a. To see that condensate return |ines are sloped
in direction of flow.
b. That dielectric unions are specified at al
connections of dissimlar netal.
c. Steamtraps are located to facilitate
mai nt enance.
3. Refrigeration Piping - check

a. That piping is designed to provide adequate
oil return.

b. That suction and di scharge gas risers are
sized for mininumgas velocities of 1000 fpm

c. That horizontal suction and discharge gas
lines are sized for mninmmgas velocities
at 500 fpm

d. That p-traps are specified at the bottom of
all gas risers with nore than 8 feet of
vectical run.

e. That double gas risers are specified for
systens with unl oadi ng conpressors.

f. To see that all horizontal refrigerant |ines
are sloped 0.5 inches per 10 feet in the
* direction of flow * * *
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* g. Design provides isolation valves at inlets and = *

outlets of all nmjor system conponents and on
each end of long refrigeration Iines. Each
separabl e el ement of the refrigeration system
nmust have provisions for |ocalized evacuation
Critical systems nust be provided with val ved
bypass lines at all filter drier |ocations.

4. Cooling Coil Condensate Drain Piping - check

a. That |" dianeter mininmmcondensate drain is
provi ded.

b. That the condensate drain piping is sloped a
m ni mum of 1/4" per foot in direction of flow

c. That trap provides a minimumdifference in
inlet to outlet elevation of 1/2 inch plus
the AHU total static pressure rating.

C. HEAT REJECTORS ( TOAERS AND CONDENSER)
1. General - check

a. That donestic water |ines with hose bibs
(freeze protected where necessary) are
provi ded adj acent to equi pnent for use in
cl eaning activities.

b. That extended grease fittings are specified
for all internal bearings where required for
access.

c. That 115 volt power outlet is provided
adj acent to equi pnent.

2. Cool ing Towers - check

a. That automatically opecated chem cal water
treatment systemis specified. Design should
provide for catch basins with drains to house
chem cal drums.

b. If practical, design should provide adequately
si zed donestic water and drain connections to
al | ow bypass of towers during nmaintenance.

c. That cooling towers are not |ocated on roofs
or in locations that can backfeed into build-
ing vent inlets.
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* d. That induced draft towers are specified. * * *
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e. That cooling towers are at adequate hei ght
above condenser water punp suction to provide
the required net positive suction head.

f. Miltiple cooling towers supplied froma comon
header are provided with bal ancing val ves for
each tower.

3. Wat er Cool ed Condensers - check

a. That anple space is allowed to inspect and
cl ean condenser tubes.

b. That design provides for flanges (or unions)
and isolation valves in condenser water piping
| ocated so as to all ow renmoval of piping and
headers i mediately in front of tubes.

c. That taps, with hose bibs, are provided to
al l ow chem cal feeding for cleaning purposes.

4. Air Cool ed Condensers - check

a. That selected condensers provide a maxi num
condensi ng tenmperature of 20 deg. F above
desi gn ambi ent .

b. That solar effects and other site specific
operating conditions are consi dered when spe-
ci fying capacity.

c. That nmultiple fans and necessary controls are
i ncl uded for head pressure control

d. Roof top installation is discouraged; however
if units are installed on roofs, is a leve
wor ki ng pl atform extending 30 i nches fromthe
edge of the equi pnent on the control side and
ot her sides where access is necessary for
servicing provided?

D. REFRI GERANT COMPRESSI ON EQUI PMENT

1. Ceneral - check

LI S N B I N I N I N I I N BN I TN D B I N B R I R N N N I I N B R N N B R N N
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a. Are conpressors located in equi pnent roon? Do
not | ocate on roofs. * - *
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. That suction discharge, and oil pressure gauges * *

with isolation valves are pernmanently nounted *
on equi pment roomwall or free standing
partition. (Do not mount on equi pnent.)

2. Wat er Cool ed - check

a. That conpressors are located within the
equi pment roons.

3. Air Cool ed - check

a. That conpressors are |located on concrete pads
at ground |l evel (except in desert environnents).

E. HEAT EXCHANGERS
1. General - check
a. That flanges or couplings and isolation valves
are provided and | ocated so as to all ow renpoval
of piping directly in front of device (above,
bel ow, and/or to the side of the device).

b. To see all devices are sloped to allow for
proper drainage.

c. Does design provide adequate provisions for
air bl eedi ng?

d. Are taps provided with hose bibs to all ow
cheni cal feeding for cleaning purposes?

e. |s space provided to pull tubes or coils?
F. SPECI ALTI ES
1. Steam Traps - check

a. That steamtraps are nounted 12 to 18" bel ow
steamcoil outlet to provide adequate
condensate head on the trap.

b. That a mininum 6" dirt leg is provided before
the trap inlet.

2. Strai ners - check

a. That design provides strainers upstream of al
steam traps, control valves, meters and punps.

o b R X b b b b o ok R R o b X b o R ko % o R X X ok b X ok kX ok F X X ok F X % %
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b. That strainer housings are equipped with drain
val ves. * * *
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c. That critical systens provide redundant
paral l el strainers with isolation val ves.

3. Meters - check
a. That bypass lines and isolation valves are
provided to allow removal of neters with no
down ti ne.
4. Val ves - check
a. Are ball valves in lieu of gate or butterfly
val ves specified?
G CONTRCOLS
1. General - check

a. That steel channel structural supports are
provi ded for any actuators installed on |ess
than 16 gage sheet netal.

b. That controls adhere to the provisions of
Engi neering Technical Letter (ETL) 83-1,
Change 1.

c. That over current protection is specified for
i nput and output circuits of DDC systemns.

d. Specify dry-bulb econom zer strategies in lieu
of enthal py controls.

e. That adequate test point connections are in
stalled for deternining control system
pressure and vol t ages.

ELECTRI CAL DEVI CES - check

That notor starter contactors rated for cyclic
| oadi ng are specified (prefer solid state starters
for cyclic |oads).

PUWPS - check

bk o R X b b R b Rk b b X o b X ok Rk o R X X ok b X ok Rk X ok b X X ok F X % %
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That horizontal split case punps are specified
* (preferred) dependent upon application. * * *
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> J. * EQUI PMENT ROOMS * * *

1. Ceneral - check

L I ]

a. Does design allow equiprment roonms to be | ocated
along exterior walls with exterior access doors?=*

b. That sufficiently large doors or easily
renoveabl e panel s are designed to all ow passage
of largest piece of equipnent.

c. That floors are sloped to interior drain.

d. That roomis provided with donestic water with
hose bib and 115 volt power outlets.

e. That adequate wall space or full standing
partitions are provided for nounting of
control s.

f. That adequate space is allowed for wire
brushi ng of water cool ed condensers, chillers
and and coils; filter renoval; access to contro
actuators; etc.

g. Do all equipment iteml ocations provide for
adequat e mai nt enance space and cl earance for
safety fromelectrical panels, switches, etc?

| DENTI FI CATI ON
Structural - check

Are small |abels or other unobtrusive identifi-
cation tapes specified for suspended ceiling
grids (t-Bar) bel ow conponents; (e.g., static
pressure sensors, VAV term nals and bal anci ng
danpers. Key identification nomenclature to
mechani cal construction draw ngs.

Pi pi ng - check

That standard col or coded | abels (ANSI A 13.1) are
specified for all piping at ten foot intervals.

Col ored pipe |l abels shall be printed to indicate
supply, hot water return, etc., and direction of
fluid flow (arrows). Color coding shall be as

* follows: * * *

-2233333332333333333333333333333313333333133331333131313331313131313333131332313133323131311333231311)))))-

o b b X b o R X b F ok b R X b b X ok o ok ok R X X ok b X R kX ok k% X ok F X X% %
o o ko b X b o R X b Rk R R X o b X b R ok kR o X b b X R kX ok k% X ok F X X% %
o o ko b X b o R X b Rk b R X R b X b R kX ok R X X b b X ok kX ok k% X ok F X X% %

o N N N B S N I N B I N N I R I B N I I I N I R N )
LI N B I B B I I I B B N I N 2N O BN I I N B 2 R R RN NN N I N N N R NN N R R 2 B I I R N R N I R

LI BN BN N SR N TN I DN BEE BEE BN NS NS SN N 2 2N T INE BNE NEE BT NS NS BN BN BN NEE BNE BEE NE T N N I JNE BN NEE BNE NS NS N N 2 B



+))))))))))))))))))))))))))))))))))))))))))))))))))))0)))))))))))))))))))))))))))))))))))))
ALL PURPOSE CHECKLI S PAGE 5 OF PAGES

/))))))))))))))))))))))))))))))))))))))))))))))))))))3)))))))))))0)))))))))))))))))))))))))l
* Tl TLE/ SUBJECT/ ACTI VI TY/ FUNCTI ONAL AREA

* RELI ABI LI TY AND MAI NTAI NABI LI TY CHECKLI ST *  DEMM *  APR 88 *
/)))))))0)))))))))))))))))))))?%%&?))))))))))))))))))2)))))))))))3)))))))0))))))))0))))))))l
* NO. * (Assign a paragraph nunmber to each item * * * *
* * Draw a horizontal |ine between each nmjor * * * *
* * par agr aph.) * YES = NO >~ NA *

/)))))))3))))))))))))))))))))))))))))))))))))))))))))))))))))))))3)))))))3))))))))3))))))))l
SECTION 12.  HVAC ( CONTI NUED)
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* * BACKGROUND COLOR OR * * * *
* * FLU D TYPE COLOR LETTERING * * * *
* * boil er feed water yel | ow bl ack * * * *
* * chilled water green white * * * *
* * condensate return yel | ow bl ack * * * *
* * condenser water green white * * * *
* * hot water supply/ret yel | ow bl ack * * * *
* * make up water green white * * * *
* * st eam supply yel | ow white * * * *
* * f uel yel | ow bl ack * * * *
* 3. = Val ves and Steam Traps - check: * * * *
* * Are all valves and steamtraps specified to be * * * *
* * | abel ed with a numbered brass tag and connected * * * *
* * to the valve with a brass jack chain? Tags shall * * * *
* * be 2" round or square (mninmum wth stanped * * * *
* * bl ack-filled lettering. In addition to nunbers, * * * *
* * tags shall be lettered to indicate fluid carried * * * *
* * t hrough the valve; e.g., "cw'. Nunbers are to be * * * *
* * keyed to the nechani cal construction draw ngs. * * * *
* L * SPARE PARTS AND TOOLS - check: * * * *
* 1. = Ensure that specifications provide for the * * * *
* * contractor to furnish difficult-to-obtain and * * * *
* * manuf act urer uni que spare parts upon contract * * * *
* * conpl eti on. * * * *
* 2. = That any special tools required to service * * * *
* * equi pment are specified to be supplied with the * * * *
* * equi prent, and that a | ockable nmetal tool box is * * * *
* * provi ded to secure tools. * * * *
* M * DOCUMENTATI ON * * * *
* 1. = General - check: * * * *
* * Do specifications provide for docunentation to be * * * *
* * in the English | anguage? Host country | anguage? * * * *
* 2. = O&M Equi pnent / Operati ng Manual s - check: * * * *
* * a. Requirements for O&M nmanual s are detail ed and * * * *
* * specified in attachnent to this checkli st. * * * *
* * b. If required, are the provisions of attachnment * * * *
* * 1 included in the contract? * * * *
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As-Built Draw ngs

Is the contractor required to provide the 95%
submi ttal of corrected contract draw ngs,

i ndi cating as-built conditions, 15 cal endar
days prior to schedul ed O&M trai ni ng?

Defi ci enci es di scovered during the training
session are to be corrected by the contractor
and conpl eted drawi ngs subnmitted on mnyl ar
within 15 days of conpletion of the training
sessi on.

Contract Draw ngs

a. Ensure that the designer provides a separate
full sheet drawi ng of the mechanical equiprent
room show ng |ayout of all equipment with
adequat e cl earances for proper maintenance and
repair.

b. That a separate piping diagramfor each pipe
system showi ng | ocation of all valves is
provided for in the design. Valves are to be
nunbered on the diagram and are also listed
in the valve schedule. Valve nunbers are to
agree with val ve tags.

c. That control system draw ngs are specified per
ETL 83-1, Change 1, requirenents.

d. That design provides a |large scale (small
size) floor plan showing all zone boundaries
with nunerical identification of each zone.

Mechani cal Room Docunent ati on

Specify that the contractor is to provide the

following information with each sheet per-

manent |y nmount ed under clear plexiglas, in

each mechani cal equi prent room

(1) Duct work schenmmtic.

(2) Piping schematics and val ve schedul es.

(3) Control schematics and description of
operation.

LI ST ANY ADDI Tl ONAL LOCALLY UNI QUE R&M DESI GN
FEATURES TO BE CONSI DERED:

1.
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SECTI ON 13 - ELECTRI CAL GENERATORS
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A GENERAL - check

1. Overhead crane for power plant or adequate overhead
cl earance for portable crane for renoving and
repl aci ng heavy generator parts?

2. Adequat e mai nt enance space around generators,
swi tchgear, and auxiliary equi prment?

3. Is split bus specified for redundancy and
reliability?

4. Solid state exciter (RFlI free) and voltage
regul ator?

5. I s generator conpatible with SSUPS installation
(harmonics, etc)? Har moni cs from SSUPS may upset
generator controls. Generator must be sized to
handl e SSUPS in rush current.

6. Does automatic transfer switch have bypass
capability for ease of maintenance?

7. Has design heen reviewed by electrica
superi ndent ? Have appropriate comrents been
i ncor por at ed?

8. Are generators snaller than 750kw skid nmount ed?

9. I s groundi ng of prinme power generators | AW I EEE
Std 142, | EEE Recomrended Practice for Grounding
of Industrial and Conmercial Power Systens, and
AFR 88-15?

10. Short circuit analysis and coordi nation study
provided for prime power plants? Study should be
conput eri zed.

11. That backup generators have capability to check
oil while running and refuel w thout shutdown.
Generator should al so have bypass capability with
cannon plug type receptacle for quick hookup of
MEPs unit in case of failure. Auto start equi pnent
shoul d he capabl e of being | ocked out while
mai nt enance i s being perfornmed. * * *
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That shutdown from prine nover of backup generator = *

islimted to low oil pressure, high tenperature,
and overspeed. Alarmonly to status panel
Consider renote to central status |ocation (EMS).

13. Al t er nat or has mmi nt enance-free, seal ed 50, 000 hour
bearing? Consider nmultitap | eads.

14. Regul ator for Cl ass C generators should have
aut o/ manual capability and should be easily
accessi bl e for naintenance/repair

15. The | ouvers thernostatically controlled?

16. Are roads adeauate for easy access by service
vehi cl es?

17. Prime power facilities have oil storage facilities

and a storage container for used oil?

18. Fuel systens provide for water detection
(di pstickable) and that vent and fill pipes are
above the highest water level. Fuel piping should

be in troughs for easy access.

19. That battery chargers are of float-charge type
adj ustable down to 0.1 anp and that batteries are
t he seal ed, maintenance-free type.

20. That air start systenms are redundant with diese
engi nes (vice gasoline). There should also be
redundant air receivers.

21. That for nulti-unit facilities, radiators should be
capabl e of being manifolded. This allows a
generator to continue running even when its
radiator is out of service. Treated cool ant
storage should al so be provided. Simlar
requi rement for fuel systens.

22. Large generator units have automatic tenp
regul ator (vice thernostat) and automatic
cool ant/crankcase heater with isolation val ves.

23. That standby units which cannot tolerate
reapplication of power w thout cycling have
dropout /| ockout rel ays.

24. I's exhaust |ocated so that it will not enter intake
or adjacent buil dings?
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LIS I B 2 Nk B BN I O B BN N N BN I N B I I N N I N N R N N N N N N N N I N R I S B RN I A
LIS S B 2 N B I I I BN BN N N I JN N B R I N N R N N R N N N N N N R N N N R R

25. Are spare parts provided? Are audible alarns
provided to alert operators of abnormal conditions? = * *
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26. Are generator switchgear breakers of the drawout
type?
27. Is voltage generated at the distribution |leve
when possi bl e?
28. Is the control booth for larger nulti-unit plant
soundpr oof ed?
B. LI ST ANY ADDI Tl ONAL LOCALLY UNI QUE R&M DESI GN
FEATURES TO BE CONSI DERED:
1
2.
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> SECTI ON 14. CORROSI ON PREVENTI ON AND CONTROL >

GENERAL - Check:

Cat hodi c protection/protective coatings are
functional requirenments for virtually al
projects. Does the design include a cathodic
protection/protective coating systemfor buried or
submerged netal lic piping, tanks, and rel ated
facilities?

That the foll owing were considered in the design
and sel ection of the corrosion prevention and
control methods:

a. Meteorol ogical conditions.

b. Soil resistivity and pH

c. Chemical content of soil

d. Chemical content of water.

e. Presence of airborne pollutants.

That all review comments have been conplied with to
ensure mnimal inmpact on reliability and

mai ntai nability of the system

CATHODI C PROTECTI ON - Check

That all metallic construction menbers either
buri ed or subnerged in an el ectrol yte have been
consi dered for possible cathodic protection.

Is the method of cathodic protection specified the
nost suitable for the situation encountered?

That the cathodic protection system design was
based on and took into account:

a. Soil resistivity.
b. Soil chenical content.

c. VLiquid electrolyte velocity.

oo ok R b b b b X b b R b Rk X b b X b b Xk R R ok % X R R X X ok kX ok % X o F % X
FooF % o b ko R X b b R R Rk b b X b b X kR kX ok R % X b b X X ok b X ok % X % F % X
FooF o R R Xk b b X b b R R Rk R b X b b X ko R X ok R % X ok R X X ok b X ok % X o F % X
L S N N 2 N B I I I B R N I B BN N N BN BT N BN BN 2N R DN BN DN N RN BN SN BN BN NN A B N 2R N N N N

d. Type of netal.
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* e. Design life. * * *
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* * f. Source and availability of power. * * * *
* * g. The pH of the electrolyte. * * * *
* 4. * When electrical isolation is required, check the * * * *
* * follow ng: * * * *
* * a. That the insulating flanges, unions, etc, are * * * *
* * | ocated as close as possible to the structure * * * *
* * bei ng i sol at ed. * * * *
* * b. That the location of each insulating fitting * * * *
* * is shown on the draw ngs. * * * *
* * . That a detail sketch has been included to * * * *
* * illustrate the components and construction of * * * *
* * each type of insulative fitting used. * * * *
* * d. If any buried insulating flanges are used, * * * *
* * that details are included showing the install- = * * *
* * ation of the flange field test stations and * * * *
* * connections with the test stations. * * * *
* * e. That the installation of insulating fittings * * * *
* * on all auxiliary connections to the electri- * * * *
* * cally isolated structure is held to a m ni mum = * * *
* = f. That the installation of metal jacketing * * * *
* * applied over thermal insulation on piping does =* * * *
* * not short out insulating flanges or fittings. * * * *
* 5. * Where underground netallic pipe is partially * * * *
* * encased in concrete, check the follow ng: * * * *
* * a. That adequate protection is provided where the = * * *
* * pi pe enmerges fromthe encasenent. * * * *
* * b. That the pipe is properly coated and * * * *
* * cat hodi cal |y protected. * * * *
* 6. * Does the design identify existing cathodic * * * *
* * protection systens in the vicinity of the * * * *
* * construction as to location, type, and |evel of * * * *
* * protection? * * * *
* 7. * That the systemis capable of w thstanding high * * * *
* * vol tage power surges in areas wi th overhead power * * * *
* * | | nes. * * * *
* 8. * For sacrificial anode systens, check the foll ow ng: = * * *

* a. That the locations of all anodes are shown. * * *
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*

b. That typical anode installations are detailed,
i ncl udi ng spacing fromthe pipe, depth of
buri al and connection of anode to the pipe.

c. That wire sizes and connecti on nethods are
i ndi cated on each install ation detail

9. For inpressed current systenms, check the follow ng:

a. That the locations of all inpressed current
anodes are shown.

b. That there are sufficient anodes to conduct
the estimated protective current required.

c. That the locations of all rectifiers,
term nal boxes, junction boxes, etc, are shown.

d. That the drawi ngs indicate the route of the
cabl e associated with the system

e. That details show all installation details.

f. That wire sizes and term nati on nethods are
i ndi cated on the draw ngs.

g. That the wiring diagramfor each rectifier
i ncl udes the AC power terminals, the circuit
nunber for the AC power |eads, the nunmber and
size of conductors connected to rectified
output terminals, and a description of where
each lead fromthe rectifier term nates.

10. For proper system nmaintainability, check the
fol |l owi ng:

a. That adequate test stations are provided.

b. That the test stations are |ocated on the
dr awi ngs.

c. That the test station installations are
adequately detail ed.

d. That test procedures sufficient to assure that

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
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the systemwi ||l provide an acceptable |evel of
protection under all anticipated operating
conditions are specified. * * *
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Verify that the CP design was performed by a
corrosion specialist accredited by the Nationa
Associ ati on of Corrosion Engi neers (NACE)

O

MATERI ALS - Check

1. That plastics exposed to direct sunlight are
specified as Wresistant.

2. That corrosion resistance was a factor consi dered
in the specification of netals.

3. That components (of valves, for exanple) will not
exhi bit galvanic action. (This may require
nonst andard nuts, handwheels, |evers, etc).

4. That materials used for piping accessories such as
t hernowel I s, pressure taps, bushings for flow

swi tches, etc, have heen carefully considered.
Early installation may be useful where interna
coatings are to be appli ed.

O

COATI NG SELECTI ON - Check

That all shop applied coatings are appropriate for
the corrosive conditions they will encounter

2. That all shop prinme coatings are conpatible with
the field applied top-coatings they will receive.

3. That the proper surface preparation is specified
for all field applied coatings.

4. That the appropriate application and curing
nmet hods are specified for all field applied
coati ngs.

5. That all specified field applied coatings can be
properly applied and cured in the environmental
conditions anticipated.

6. That procedures are specified to assure the proper
coverage and thickness of field applied coatings.

7. That the selection of each coating is based on a

t horough anal ysis of the surfaces to be coated and
the environmental conditions to which it will be
subj ect ed.

m

LI ST ANY ADDI Tl ONAL LOCALLY UNI QUE R&M DESI GN
FEATURES TO BE CONSI DERED

1
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SECTI ON 15. PAVEMENTS

IIIIIIIIIIIIIIIIIIIID)D
CRI TERI A -- Check

Was the scope of work coordinated with flight
operations regarding types of aircraft and type of
operations proposed for the facility?

Does the pavenent type sel ected neet the
requi rements of AFR 88-15, Section E?

For airfield pavenents, does the design neet the
criteria as specified in Chapter 3 of AFM 86-2 and
Chapter 1 of AFM 88-67?

Airfield thickness design, materials, and
conpaction requirements specified | AWt he

requi rements of AFM 88-6, Chapters 2, 3, and 47
Was the Computer Aided Design Program (CADP) used
to establish design paraneters?

Are the airfield markings fully shown in the
desi gn drawi ngs and conply with AFR 88-167

Are roads designed |AWthe criteria included in
AFM 88-7, Chapters 1, 3 and 57

GENERAL - Check:

WAas conput er program or applicable design curve
used for thickness design? Should have printout
showi ng i nputs and thickness, etc, or curve

att ached.

Were standard specifications fromthe WANG desi gn
program used to devel op project specifications?

Does the contract provide for full-tinme inspection
on |l arge projects?

Were the Air Force-devel oped standard design
details incorporated into the design? Any
devi ati ons?

Ensure current project data is included in the
Paverent | nprovenment Plan (PIP). (Applicable to
M&R projects only.)

I s scope of project sufficient to ensure critica
facilities (such as runways) will not require nore
* project work within 3 to 5 years? * * *
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Rl G D PAVEMENTS

Check that design provides for joints to be spaced
not greater than twenty feet.

Joint width should be a mininmmof 1/2 inch
regardl ess of joint seal type; i.e., preformed or
field poured. Joint widths less than 1/2 inch
have not perforned satisfactorily.

Does design provide for centerline joints on
runway and taxi ways? Crowning of the centerline
sl ab shoul d be avoi ded since uncontrolled cracking
occurs.

Are new joints and resealing of joints and cracks
designed to neet the requirenments of AFM 88- 6,
Chapter 77

On joint resealing projects, design should provide
for the conplete renoval of the old joint sea
mat eri al

Neoprene conpression seals are initially nore
expensi ve than fiel d-poured seal ants but have a

| onger performance life. The MAJCOVs will specify
the type sealer to be used on new, reconstruction
or reseal projects based on life cycle costs and
operational considerations. D sagreenments between
user and design agency with regard to design
options will be resolved by HQ AFESC/ DEMP.

Metal joint inserts are not to be used on Air
Force pavenents.

Speci fications nust provide for testing of joint
seal ants by Air Force-approved |laboratory to
ensure they neet applicable federal or ASTM
speci fications.

Li quid Oxygen (LOX) production and storage areas.
Joints and cracks within 25 feet of LOX
suscepti bl e areas nust be sealed with LOX

conpati ble sealants. |If LOX sealants are

unavail able, joints and cracks nust be kept clean
and unseal ed.

10. Conti nuously reinforced concrete pavenent (CRCP)
is to be specified for all new pavenents in LOX
* areas. * * *
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SECTI ON 15. PAVEMENTS ( CONTI NUED)
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FLEXI BLE PAVEMENTS:

Techni cal gui dance for inprovenent in the quality
of asphaltic concrete pavenments is provided in HQ
AFESC/ DEMP | etter, 29 Mar 85, Subject: |nproving
Asphaltic Concrete (AC) Construction Quality.

Does design require the use of a "double
string-line" nmethod to ensure cl ose control of
both | ongitudi nal and transverse grade of paving?

I f pavenent recycling is specified, does design
conformto the requirenents of AFM 88-6, Chapter
6, and Lessons Learned included in HQ AFESC/ DEM
letter, 31 May 84, Subject: Pavenment Recycling.

Does the specification contain provisions for
reduci ng payment to the contractor when specified
quality is not achieved?

PAVEMENT GROOVI NG

Check design to ensure proper spacing and groove
type are specified for both AC and PCC pavenents.

Ensure design elimnates grooving within 300 feet
of aircraft arresting barriers.

SEAL COATS ANY REJUVENATORS FOR FLEXI BLE PAVEMENTS:

Rej uvenat ors shoul d not be specified for runway
surfaces as they can make pavenents extrenely

sl i ppery.

Does the design require the use of test strips to
assure specified rejuvenators are correctly
appl i ed?

Does the pavenent to be rejuvenated contain a
m ni mum of 5 percent voids?

Paverment s subjected to heavy traffic or high tire
pressures should not be slurry-sealed due to FOD
* potenti al . * * *
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SECTION 16. FI RE PROTECTI ON

D333 03 03030303 00000)))
A GENERAL - Check:

1. That the fire protection systen(s), including
st andpi pes, sprinkler, hoses, accessories, and
extingui shers for both exterior and interior
systens are conpletely described, drawn, and
specified in conformance with appropriate
techni cal manual s and NFPA codes.

2. That the fire alarmrequirenent is coordinated
with the electrical central alarm system

3. I's the sprinkler system piping designed to assure
free draining to riser drain valves.

4. Does the design of nonpotable water storage
provide for secondary use so that continua
changi ng is provided?

5. Is the fire alarnm detection systemconpatible with
t he existing on-base systen? System
standardi zation is highly desired.

6. Appl i cabl e manual s, codes, and standards represent
m ni mum accept abl e recuirenents, and as such, are
not to be considered design goals. Rather, they
will typically be exceeded to achi eve desired R&M

7. Does the design identify the required fire
protection and |life safety features such as
protection of verticle openings, interior
fini shes, signaling systenms, extinguishing
systens, segregation or protection of hazardous
conditions, smoke partitions, fire doors, and
bui | di ng service equi prment ?

8. Does the design provide for an adequate outside
fire protection, including water supply/storage
and accessibility by the fire departnment?

9. The | ocation of detail fire alarmsystem
appurtenances and all automatic fire doors, fire
and/ or snmoke danpers, ceiling danpers, and fire
protection means of similar nature associated with
air duct systems shown on the electrical and
mechani cal draw ngs? * * *
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* NO. * (Assign a paragraph nunber to each item * * * *
* * Draw a horizontal |ine between each mgjor * * * *
* * paragraph.) * YES = NO >~ NA *
/)))))))))2))))))))))))))))))))))))))))))))))))))))))))))))))))))3))))))3))))))))3)))))))))l
* Is a system provided for the containment and * *
* col l ection of expended extinguishing agents such * * * *
* as AFFF or other dry/wet chenical agents? * * * *
> 11. Ensure that suffocating extinguishing agents, such = * * *
* as C0+2,, are not specified in conjunction with > > > >
* muni tions or materials containing their own oxygen = * * *
> 12. Check that the fire extinguishing system snoke * * * *
* evacuation systens, and rel ated systens and * * * *
* equi prent are designed so that their proper * * * *
* operation does not depend upon a hi gh degree of * * * *
* sophi sti cated nmai ntenance. A highly reliable and * * * *
* easily maintai nable, cost-effective systemis the * * * *
* desi gn obj ecti ve. * * * *
> B. LI ST ANY ADDI Tl ONAL LOCALLY UNI QUE R&M DESI GN * * * *
* FEATURES TO BE CONSI DERED: * * * *
* 1 * * * *
* 2 * * * *
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* Tl TLE/ SUBJECT/ ACTI VI TY/ FUNCTI ONAL AREA
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* NO. * (Assign a paragraph nunmber to each item * * * *
* * Draw a horizontal |ine between each nmjor * * * *
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SECTI ON 17. CENTRAL HEAT PLANTS
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COAL HANDLI NG AND STORAGE AREA

I s outside storage area of adequate size to
mai ntain cequired coal at limted pile height?

Is the storage area designed for rubber-tired
vehicles to handl e the stockpile?

If arail systemto the base is available, is a
rail receiving area provided? |If shiprment is by
truck, are facilities designed for efficient
handl i ng?

Is the capacity of each piece of conveying
equi prent installed in series limted to the
capacity of the follow ng piece of equipnrment?

Is the conveying rate of the coal handling system
capabl e of transporting to live storage in eight
hours the maxi mum daily requirenent?

Are inclined conveyors such as belt, flight, and
en nmasse conveyors kept at a mininumincline to
prevent capacity decrease?

Are hopper angles as steep as practical with an
absol ute m ni mum angl e of 55 degrees from

hori zontal ? |If a square hopper is specified, the
val |l ey angl e must be 55 degrees m ni mum

Check to ensure that potential dead areas in
bunkers are avoi ded since these areas can pronote
spont aneous conbusti on

Is appropriate fire prevention and extinction
equi pment speci fied?

10. Does the design of bunkers and silos provide the
capability for evacuation in case of a fire?

11. Is the material specified for the construction of
storage and handl i ng equi prent able to withstand
the corrosive effects of coal ?
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Screw-type conveyors should not be specified since
* they tend to change the coal size. * * *
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* O L HANDLI NG AND STORACE * *
* 1. * Has a heating system been specified to maintain * * * *
* * the oil at a viscosity suitable for handling? * * * *
* 2. * |s the storage and handling equi pnent manufactured = * * *
* * frommaterials that will not corrode? * * * *
* C * GAS HANDLI NG AND STORACE * * * *
* * Are safety valves installed at each boiler to * * * *
* * limt gas pressure (one for high limt, one for * * * *
* * |0W)') * * * *
* D * ASH HANDLI NG * * * *
* 1. * Are hopper ash valves the zero | eak style and * * * *
* * designed to open after the ash |line vacuumis * * * *
* * turned on and cl ose before the ash line vacuumis * * * *
* * turned off? * * * *
* 2. * Does the design provide for separate silos for the = * * *
* * storage of fly ash and bottom ash? * * * *
* 3. * |s fly ash handling systemof a dilute phase * * * *
* * pneunmatic type? * * * *
* 4. * Does the ash handling system provide that the * * * *
* * bottom ash is cool before being handl ed? * * * *
* E * FANS AND DAMPERS * * * *
* 1. * Consider control of forced draft and induced draft = * * *
* * fans by variable speed nmotors rather than by * * * *
* * mechani cal danper positions. This formof control = * * *
* * achieves nore stable control of furnace draft * * * *
* * pressure. * * * *
* 2. * |f common ducting is used between boilers, ensure * * * *
* * zero |l eak danpers are specified to isolate each * * * *
* * boiler. * * * *
* 3. * Are danpers notorized and controlled frominside * * * *
* * the heat plant? * * * *
* F. *  EQUI PMENT * * * *
* 1. * Are oxygen nmonitors specified for each boiler * * * *
* * outlet in order to determ ne operations and * * * *
* * conbustion efficiencies? * * * *
* 2. * For oil and coal fuels, are opacity and oxygen * * * *

* nonitors at each boiler outlet specified? * * *
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SECTI ON 17. CENTRAL HEAT PLANTS ( CONTI NUED) *
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Is the wiring for nmonitors of the shiel ded type?

Are monitors of the self-calibrating and
sel f-cl eani ng type?

Are the displays and chart devices |ocated on the
operating |l evel for easy view ng and mai nt enance
access?

Is the specified water treatnment system of a
conti nuous-feed type with each chenical netered
separatel y?

Are the maxi num heat rel ease rates for coal-fired
boilers within the foll ow ng ranges?

Grate Heat Rel ease Fur nace Heat Rel ease
BTU/ HR/ SF BTU/ HR/ CF

Chain G ate 475, 000 32, 000
Spr eader Stokers

Dunp Grates 400, 000 32, 000
Cont Cl eani ng 500, 000 25, 000
Travel ing G at 650, 000 32,000

Al R POLLUTI ON CONTROL

Does the design provide nmechanical collectors as
precl eani ng devi ces upstream from baghouses and
el ectrostatic precipators (ESP)?

Are nmechanical collectors designed with manhol e
access to the collector inlet/outlet and hopper?

Is the electrical charging and rappers section on
t he roof of ESPs encl osed and heated to prevent
corrosion?

Are the baghouse and ESP hoppers heated to prevent
clinkering and the area around the hoppers
encl osed?

Are baghouses designed in nodul es so they can be
taken off-line for maintenance while the boiler is
still on-line?

oo ok R b b b b X b b R b Rk X b b X b b Xk R R ok % X R R X X ok kX ok % X o F % X
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6. Are ESPs designed with three fields in series with

* aspect ratio no less than 1.5? * * *
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* To avoid acid corrosion in downstream equi pnent, * *

are the heat recovery devices of the proper
size? The mnimmtenperature entering air
pol I ution control devices should be 350 degrees F

LI ST ANY ADDI Tl ONAL LOCALLY UNI QUE R&M DESI GN
FEATURES TO BE CONSI DERED
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* * * *
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REPLY TO
ATTN OF:

SUBJ: Reliability and Maintainability (R& Program -
Lessons Learned

TO HQ AFESC/ DEMM
Tyndal | AFB FL 32403- 6001

1. To enhance the quality and performance of facilities and
supporting systems, the followi ng "l essons | earned" supporting
the principles of the Air Force R&M programis provided for
i nformati on and appropriate action

a. Facility/ System Dat a.

(1) Location (AFB)

(2) Bui | di ng Number

(3) Project Title

(4) Construction Program (MCP, O&M Etc)

(5) Fi scal Year Programred

(6) Year Constructed

b. Descri ption of Probl enf Success:
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cC. Recomended Acti on
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DD 0330303030303 0303030300000 03030303)))
DD 3030303000303 0303030000030 030303)))
DDDDDD3303 3030303030303 03 0300000303030 03030303)))

2. Nane, Address and Phone Nunber of Originator:
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